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ABSTRACT
The research began with a review of the current congestion issues being faced on the
National Highway System. As the population in the U.S. continues to increase and demand for
goods increases along with it, more emphasis will be placed on solving the congestion problem
being faced on the nation’s current highway infrastructure. The construction of new highways
and increasing of highway capacity cannot keep up with the growth that the U.S. is forecasting
over the next 20 years. The major motivation for this thesis was the impact that congestion is
having on the urban and rural areas of the U.S. It is diminishing the quality of life for residents,
polluting the environment, and hurting the economy. The primary objectives were to use
geospatial analysis to analyze select routes for three freight case studies and one passenger rail
study, and calculate the benefits of using alternative modes. Commodity flow analysis
determined opportunities for freight diversion from highway to rail or barge for three case
studies. Analysis was performed for each case study to determine the benefits of using
alternative modes of freight transportation, which included travel time savings, total ton-mile
cost savings, CO2 emission reduction, and other societal benefits. Each case study showed at
least a 50% reduction in each of the benefits for all case studies when diverting freight from
highway to rail or waterway. The optimized minimum cost of shipping from Laredo to Detroit is
$612 million on the East corridor by diverting 5% of trucks to rail corridors. The Mississippi
Gulf Coast study looked into the implementation of commuter rail, monorail, and bus rapid
transit. Based on the value engineering analysis considering present worth analysis life-cycle
ii

direct benefit and cost analysis over the performance period the best option was the commuter
rail alternatives which had breakeven years of 6 to 8 years and costing $504 million for the
East/West corridor. The initial capital cost for monorail made it too expensive to be an
economically viable option. Bus rapid transit broke even at year 50 and it will add to the
congestion on the Gulf Coast highways.
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CHAPTER I
INTRODUCTION
1.1

Background and Motivation
According to the Federal Highway Administration (FHWA), the issue of increased

congestion in the United States transportation system poses a substantial threat to the U.S.
economy and to the quality of life of millions of Americans [1]. Highway congestion occurs
when traffic demand approaches or exceeds the capacity of the highway system. The FHWA
states that roughly half of the congestion that occurs in the U.S. is “recurring,” meaning there are
simply more vehicles than roadway available [2]. In 2011, the FHWA reported the following
statistics about the current National Highway System (NHS) [3]:


Over 164,000 miles in the National Highway System



3 trillion vehicle miles travelled in 2009



246 million registered vehicles



210 million licensed drivers (685 drivers per 1,000 population)



392 billion person-trips



172 billion gallons of fuel consumed

These numbers are expected to increase significantly in all categories over the next 30 years. The
increase of these items will lead to increased congestion on the NHS, as construction of new
highway capacity will be unable to keep pace. Figures 1 and 2 [4] show the peak period
congestion on the NHS in 2011 and a projection for 2040.
1

Figure 1. Peak-Period Congestion on the NHS, 2011 [4]

Figure 2. Peak-Period Congestion on the NHS, 2040 [4]
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Although many feel the solution to the congestion problem in the U.S. can be solved with
the construction of more highway infrastructure, the long term solution to this problem will be to
explore the use of alternative modes in both freight and passenger transportation. Table 1 shows
a breakdown of the miles of infrastructure by transportation mode in the U.S. in 2011 as reported
by the FHWA [5]. There are just under 4 million miles of road in the U.S., only 138,518 of rail
infrastructure, and just over 13,000 miles of inland waterways [5]. As the population continues to
increase, congestion on the nation’s NHS will continue to outgrow the current highway
infrastructure leading to even worse conditions on roadways.
Table 1. Miles of Infrastructure by Transportation Mode
Transportation Mode
Public roads, route miles
National Highway System (NHS)
Interstates
Other NHS
Other
Strategic Highway Corridor Network (STRAHNET)
Interstate
Non-Interstate
Railroad
Class I
Regional
Local
Inland waterways
Navigable channels
Great Lakes-St. Lawrence Seaway
Pipelines
Oil
Gas

3

2011
3,929,425
163,741
46,960
116,781
3,765,684
63,887
46,960
16,927
138,518
95,387
10,355
32,776
11,000
2,342
178,809
1,563,527

Congestion can be considered a result of economic prosperity, but many argue that the
effects of congestion can have serious impacts on a community [6]. Congestion can impact
communities in the following ways [6]:


Local traffic impacts – Cars tend to avoid congested areas by bypassing the
bottlenecks and making their way through residential neighborhoods and streets.



Economic Growth – A reliable and efficient transportation system allows easier
access to employment, attracts development, and is important to the movement of
goods and services.



Community Access – Easier access to communities and metropolitan areas is
important to community residents and allows easier access for emergency services
(e.g. police, fire department, medical).



Quality-of-Life – Many people feel that highway congestion is a symptom of
deteriorating quality of life. Transportation also plays a key role in the ability for
residents to get and keep jobs.



Highway Safety – Reducing congestion could reduce the number of accidents and
generally produce safer travel conditions.



Environmental Quality – Improving the transportation system is an important
objective for those wanting to improve environmental quality, particularly air quality.

As stated in a report released by the White House [7],
“A well-performing transportation network keeps jobs in America, allows businesses to expand,
and lowers prices on household goods to American families. It allows businesses to manage their
inventories and transport goods more cheaply and efficiently as well as access a variety of
suppliers and markets for their products, making it more cost-effective for manufacturers to keep
production in or move production to the United States. American families benefit too: as
consumers, from lower priced goods; and as workers, by gaining better access to jobs.”
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This statement shows how imperative it is that the problem of traffic congestion in the United
States is confronted and that strategies for making America’s transportation system more
efficient are explored and implemented.

1.2

Objectives and Scope
The primary objectives for this thesis are to:
1. Analyze current commodity flows by surface and waterway transport in the U.S.
2. Use geospatial analysis to assess current major freight corridors in the U.S. and find
the benefits of intermodal integration. .
3. Calculate the benefits of moving freight from highway to alternative modes.
4. Study the revival sustainable passenger rail transit along the Mississippi Gulf Coast
This thesis evaluates a more efficient transportation system from two aspects, freight

transportation and passenger transportation. The freight transportation aspect analyzes the
current commodity flows by surface and waterway transport in the U.S. From this analysis,
multiple freight corridors will be selected for case studies to look into moving highway truck
freight to alternative modes. Further, detailed benefits are calculated for moving the existing
freight partially to an alternative mode of rail or waterway rather than using the base highway
scenarios. Truck freight transportation is a major contributor to traffic congestion in the U.S.,
particularly in urban areas, and diverting this truck traffic to an alternative mode and removing
trucks from the highway will play a big role in relieving congestion on the NHS.
This thesis will also look into opportunities for sustainable passenger transportation
alternatives, with particular focus on commuter rail. Urban areas with large populations are often
where a majority of traffic congestion occurs. Encouraging the use of public transit to residents
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in these areas can help significantly reduce automobiles on congested highway corridors. This
thesis will provide a value engineering (VE) study for alternative modes of passenger
transportation and provide life-cycle cost (LCC) analysis to determine the most cost-effective
mode.

1.3

Needs for Freight Intermodal Integration
According to the Bureau of Transportation Statistics (BTS), the U.S. freight-

transportation system moves 48.3 million tons of goods worth $46 billion each day [8]. In 2012,
the U.S. freight-transportation system moved 17.6 billion tons of freight, a 16% increase from
the recession low [9]. This shows that freight shipments are returning to their pre-recession
levels, meaning an increase of truck freight traffic on the NHS. Table 2 shows the weight of
freight shipments in the U.S. by transportation mode for 2007, 2012, and also a projection for
2040. Figure 3 shows a breakdown of the 2012 weight of shipments by mode [10].

Table 2. Weight of Shipments by Transportation Modes, Millions of Tons [10]
Mode

2007

2012

2040
Projection

Truck
Rail
Water
Air, air & truck
Multiple modes & Mail
Pipeline
Other & unknown
Total

12,778
1,900
950
13
1,429
1,493
316
18,879

13,182
2,018
975
15
1,588
1,546
338
19,662

18,786
2,770
1,070
53
3,575
1,740
526
28,520

6

Percent
Change
(2012 to 2040)
42.5%
37.3%
9.7%
253.3%
125.1%
12.5%
55.6%
45.1%

Figure 3. 2012 Weight of Shipments by Mode, Million Tons
Table 2 shows a 3% increase in truck freight from 2007 to 2012. This number is expected
to increase to just less than 19 billion tons by 2040, almost a 30% increase over the 28-year
period. The mode shipping the second largest amount of freight in 2012 was rail, coming in at 2
billion tons, significantly lower than truck freight at 13 billion tons. Water freight only accounted
for 975 million tons in 2012. All modes are expected to see significant increases by 2040.
International trade has also grown considerably, and these goods, along with domestic
goods, must be transported through the U.S. This is putting more pressure on the domestic
transportation network and on all transportation modes. As with domestic freight, trucks are the
most common mode used to move imports and exports between ports and inland hubs. This is
expected to continue with international trade forecast to grow 3.4% per year from 2007 to 2040
7

[11]. Table 3 shows the domestic mode of exports and imports by tonnage and value for 2007
and a projection for 2040.
Table 3. Domestic Mode of Imports and Exports by Tonnage and Value: 2007 and 2040 [11]
Mode
Truck
Rail
Water
Air, air & truck
Multiple modes & Mail
Pipeline
Other & Unknown
No Domestic Mode
Total

Millions of Tons
2007
749
279
151
2
149
346
51
300
2,027

2040
2,365
957
268
10
509
899
168
250
5,426

Billions of 2007
Dollars
2007
2040
1,968
7,852
200
573
54
94
206
892
278
1,250
137
350
220
1,016
130
108
3,193
12,134

Figure 4. Domestic Mode of Exports and Imports by Tonnage and Value: 2007 and 2040 [11]
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Figure 4 shows how international trade is affecting our freight-transportation system.
From this figure, it can be seen that each mode is expected to more than double in the amount of
international trade freight being carried through the U.S. by 2040. The largest increase of these
categories is coming from the truck freight. All of this data is leading to the argument that freight
truck traffic is growing at a rate that cannot be matched by the construction of new highways.
Proper use of alternative surface modes for long haul freight routes could help alleviate this
congestion. Figure 5 shows the freight flows for surface transportation modes in 2010 [12]. With
the exception of a few short rail routes and waterway segments, highways carried the bulk of this
country’s freight in 2010, which can be seen in the figure. Much of the rail infrastructure is
unutilized, and more freight could also be moved by the nation’s inland waterway system.

Figure 5. 2010 Freight Flows for Surface Transportation Modes [12]
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Based on the trends and projections shown by the FHWA, there is and will continue to be
a huge need for intermodal integration in the U.S. As the U.S. population continues to grow,
there will be more personal automobiles and more freight traffic on the current NHS. Intermodal
integration seems to be the long term solution to this problem in the U.S.

1.4

Needs for Sustainable Passenger Transportation
According to the Sustainable Cities Institute, over the last ten years, urban areas across

the U.S. have experienced a significant population increase. All generations are realizing the
diverse culture, economic opportunities, and quality of life that cities have to offer [13]. This
relocation to urban areas is causing local governments to reexamine the transportation systems in
place to accommodate a growing and diverse population. In doing so, they must also seek to
minimize environmental pollution and congestion in these urban areas.
There are three dimensions that sum up the definition of sustainability, and those are
social equity, economic development, and environmental responsibility. The Texas
Transportation Institute describes these dimensions as follows [14]:


Social Equity
o Must have the ability for people to interact with one another.
o Must provide a safe and secure environment.
o Must have access to employment opportunities.
o Must have equity among different societies and generations.
o Social equity includes issues of safety, security, human health, and quality of
life.
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Economic Development
o Requires adequate maintenance of resources.
o Must meet the economic needs of all generations.
o Must have the ability to move people, goods, and services.
o Includes issues such as business activity, employment, productivity, and trade.



Environmental Responsibility
o Renewable resources must be used below their rates of regeneration and nonrenewable resources must be used below the rates of development of
renewable alternatives.
o Must provide a clean environment for all generations.
o Includes issues such as pollution, habitat preservations, and aesthetics.

Figure 6 shows how these three dimensions are interrelated, and when all three overlap,
they provide the definition of sustainability [15].

Figure 6. Three Dimensions of Sustainability [15]
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Hofstra University defines sustainable transportation as “the capacity to support the
mobility needs of people, freight, and information in a manner that is least damageable to the
environment” [16]. Developing a sustainable transportation system throughout the U.S. must first
start with reducing the number of personal automobiles from the highway. Although personal
automobiles can be a part of sustainable transportation, many feel that automobile dependence is
related to an unsustainable urban environment [13, 16]. Because of this, there is an increased
emphasis on public, non-motorized, and multi-modal transportation options.
Public transportation can play a key role in reducing congestion, primarily in urban areas,
and confronting environmental challenges. Some of the challenges that the use of public
transportation can help to improve include [17]:


Improve air quality



Reduce greenhouse gas (GHG) emissions



Facilitate compact development and reduce travel demand



Save energy



Provide affordable mobility, congestion relief, and economic development

The issue right now is getting drivers to use public transportation and to make sure that it
is available to them. Figure 7 shows how all commuters in the U.S. got to work in 2012 [18].
Over 75% of the commuters in the U.S. went by personal automobile and another 10% carpooled
in personal automobile, while only 5% opted to use public transportation. Figure 8 shows the
proportion of day trips taken by mode, and 83.1% of those trips were taken by a personal
automobile, while only 1.9% of those trips were taken by some type of public transportation
[19]. These two figures show how underutilized public transportation has been.

12

Figure 7. How People Get to Work, 2012

Figure 8. Proportion of Day Trips by Mode, 2009
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Use of sustainable passenger transportation can be the key to improving congestion on
the NHS, primarily in urban areas, and can confront many of the environmental challenges being
faced in the U.S. This can be done by making public transportation more available to urban areas
and encourage those who normally use their personal automobile to opt for taking public
transportation. The impact from moving just a small percentage of those that commute in their
personal automobile to some sort of sustainable passenger transportation can be significant.

1.5

Research Methodology
The research methodology for this thesis is broken into two parts, freight transportation

and passenger transportation. The research methodology for the freight transportation portion is
as follows:


Conduct an analysis of commodity flows by surface and waterway freight
transportation in the U.S.



Develop spatial maps of all major highways, the freight rail network, and the
Mississippi River and tributaries.



Conduct an analysis on the benefits of moving freight from highway to the
Mississippi River corridor, and propose an alternate integrated multimodal route from
freight from the Port of Gulfport.



Conduct an analysis on the benefits of moving freight from highway to a proposed
rail corridor connecting Colorado to California.



Conduct an analysis on the benefits of integrating truck and rail for moving freight
from Mexico/U.S. border ports on select North American Free Trade Agreement
(NAFTA) freight corridors in the U.S.
14



Conduct optimization modelling to determine the minimum freight transportation cost
to ship to select Middle America states.

The research methodology for the passenger transportation portion is as follows:


Assess the current travel demand and commuter needs for sustainable passenger
transportation on the Mississippi Gulf Coast.



Conduct a life cycle cost analysis and VE for commuter rail, monorail, and Bus Rapid
Transit (BRT) to be implemented on the Mississippi Gulf Coast.



Discuss the benefits of using each of the above mentioned alternatives and how to
manage assets for passenger rail infrastructure.
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CHAPTER II
ANALYSIS OF FREIGHT FLOW AND ENVIRONMENTAL IMPACTS
2.1

Commodity Flow by Surface and Waterway Transport in the U.S.
Commodity flow is the key to helping develop a more efficient freight transportation

system in the United States. Commodity flow can be measured in a variety of ways but is
primarily measured in commodity value, quantity of goods, and the mode of transport [20].
There are many factors to consider when analyzing the movement of freight from one mode to
another, primarily from highway transport to rail or waterway. Although moving freight to rail
and waterway may have many benefits, there are some negatives associated with it. Because rail
and waterway are modes that move at slower speeds than highway transport, the amount and
commodities must be studied to determine which commodities can effectively be moved to
another mode. The primary characteristics the commodity must have for this study were to be a
bulk material, and it must be a non-time sensitive material. Items such as food and beverages that
are perishable cannot be moved by rail or waterway because of the possibility for spoilage of the
goods.
This thesis will focus on the commodity flow for intermodal integration for three
different case studies. These case studies will include a study with specific freight coming to and
from Colorado, a study focused on freight travelling from Mexican border ports along NAFTA
corridors, and a study on the freight from the Port of Gulfport in Gulfport, MS. A commodity
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flow analysis was performed for each of these case studies to determine opportunity for
intermodal integration.
2.1.1 Commodity Flow for Port of Gulfport
The Port of Gulfport is one of Mississippi’s largest ports and is located right in the center
of the Mississippi Gulf Coast. The Port of Gulfport is in close proximity to inland locations
along the Mississippi River, and it is also easy to access for shipments from Central America and
a handful from South America [21]. Figure 9 shows a plot representing total freight by
commodity type for the Port of Gulfport in 2012 [22, 23].

Figure 9. Port of Gulfport 2012 Domestic & Foreign Total Freight Traffic
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From Figure 9, in 2012 the largest handled commodity by the Port of Gulfport was shown
to be “Food and Farm Products,” accounting for 41% of the total freight handled by the port.
Crude oil was the second largest commodity handled at 22% of the total freight, followed by
Manufactured Goods at 19%. Machinery accounted for 15% of the total freight. The remaining
commodities, Chemicals, Petroleum Products, Coal, and Unclassified, accounted for the
remaining 3% of the total freight. The Port of Gulfport handled just under 2,000,000 short tons
of total incoming and outgoing freight in 2012.

Figure 10. Port of Gulfport Total Freight Traffic (Short Tons), 2012
Figure 10 shows a plot that represents total freight traffic in short tons moved through the
Port of Gulfport in 2012. The graph shows both the total receipts to and shipments from the port
for eight different commodity types, which include coal, petroleum materials, chemicals,
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manufactured goods, crude materials, food and farm products, machinery, and unknown. The
green hatch shows incoming goods received by the Port of Gulfport, and the purple hatch
displays outgoing shipments from the port. This data includes shipments to and from foreign
destinations. Figure 10 also shows the percentages of outgoing and incoming freight for each
commodity type. From the commodity flow data, the following integration opportunities for nonperishable, bulk freight were determined:
1. Food and farm products were the largest trafficked commodity at the port with 767,197
short tons being moved through the port: 89.8% were incoming and 10.2% being
shipments.
2. The second largest was crude materials at 419,843 short tons. 89.9% were incoming
freight and 10.1% was outgoing.
3. Manufactured goods, which accounted for 355,055 short tons, were found to be the
largest shipped commodity out of the Port of Gulfport at 97.6% outgoing. This
commodity was all foreign shipments or receipts.
4. Machinery was the fourth largest category at 279,959 short tons with half shipped and
half received.
5. Total domestic outgoing freight for 2012 was 25,588 tons, 100% of which was Iron &
Steel Scrap.

2.1.2 Commodity Flow for Colorado Freight
Colorado is located right at the center of the Midwest portion of the U.S. This allows
Colorado to act somewhat as a freight hub connecting the eastern and middle U.S. to the western
portion. For this reason, Colorado was chosen as a site of focus for freight traffic for this case
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study. Colorado could be used as a major freight hub in the freight transportation network due to
its centralized location in the U.S. Commodity flow analysis was completed with a fellow
graduate research assistant with focus on non-perishable, bulk freight coming to and from
Colorado. The FHWA Freight Analysis Framework (FAF) uses classification systems to divide
transported goods into commodity categories. FAF uses different coding levels ranging from 2digit codes to 5-digit codes, with 2-digit being the most general with 42 categories and 5-digit
being the most detailed with 504 categories. For this analysis, the 2-digit coding system was
used, which provides an analytical overview of the freight [24]. This system provides enough
information to determine non-perishable, bulk materials from time-sensitive materials.
Table 4. 2-Digit Standard Classification of Transported Goods (SCTG) Commodity Codes
SCTG
Code
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
99

Commodity
Live Animal, Fish
Cereal Grains
Other Agricultural Products
Animal Feed
Meat/Seafood
Milled Grain Products
Other Foodstuffs
Alcoholic Beverages
Tobacco Products
Monumental or Building Stone
Natural Sands
Gravel and Crushed Stone
Non-Metallic Minerals
Metallic Ores and Concentrates
Coal
Crude Petroleum Oil
Gasoline and Aviation Turbine Fuel
Fuel Oils
Coals and Petroleum Products
Basic Chemicals
Pharmaceutical Products

SCTG
Commodity
Code
22
Fertilizers
23
Chemical Products and Preparations
24
Plastics and Rubber
25
Logs and Other Wood in the Rough
26
Wood Products
27
Pulp, Newsprint, Paper, and Paperboard
28
Paper or Paperboard Articles
29
Printed Products
30
Textiles, Leather, and Articles of Each
31
Non-Metallic Mineral Products
32
Base Metal in Primary or Semi-Finished Forms
33
Articles of Base Metal
34
Machinery
35
Electronic and Other Electrical Equipment
36
Motorized and Other Vehicles
37
Transportation Equipment
38
Precision Instruments and Apparatus
39
Furniture, Mattresses, Lamps, Illuminated Signs
40
Miscellaneous Manufactured Products
41
Waste and Scrap
43
Mixed Freight
Commodity Unknown
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The FAF provides very detailed data on freight going to and from each state, separated by
mode and by commodity type. Using the data, analysis was performed to determine what type of
freight was leaving Colorado, by what mode it was going, and the state the freight was going to.
The analysis began with the outbound freight leaving Colorado. The top three commodities
going to each state from Colorado were analyzed and commodities that were bulk, nonperishable items that had less than 20% going by rail were separated from the rest. Those that
were greater than 20% were highlighted in magenta. The distance from the center point of
Colorado to the center point of each state was calculated and then categorized into the following
categories using different highlight colors: less than 1,000 km (yellow), 1,000 km to 1,500 km
(blue), 1,500 km to 2,000 km (green), and more than 2,000 km (purple). These distances were
categorized because those goods that travel further provide greater opportunity to be moved to
rail, and the color code provides an easy visual to determine further distances. Non-perishable
bulk commodities that shipped over 60,000 tons of freight were than selected and placed into a
table. Table 5 shows the states that provide the greatest opportunity for integration between
highway and rail based on the distances, the amount of freight being shipped, and which mode
the freight is currently being shipped by [25]. The following limitations were also placed on the
types of commodity chosen:


No foodstuffs due to time limitations.



No agriculture products due to time limitations.



No alcoholic beverages due to possible breaking.



No machinery due to not being a bulk item.



No pharmaceuticals due to being a perishable material.
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There were eight states that met the criteria provided in the commodity flow analysis, and those
states were Georgia, Kansas, Nebraska, South Carolina, Tennessee, California, Oregon, and
Washington. The commodities that provided opportunity for integration include cereal grains,
coal, animal feed, electronics, and agriculture.
Table 5. Outbound Freight from Colorado to Surrounding States, 2011
(Outbound)
From

To

Colorado

Georgia

2,097.9

Colorado

Kansas

619.8

Colorado

Nebraska

562.3

Colorado

South
Carolina

2,255.6

1st
2nd
3rd
%
%
%
% Rail 103 Tons
% Rail 103 Tons
Truck
Truck
Truck
03 (Agriculture)
100.2 100.0% 0.0%
02 (Cereal grains)
911.3 71.0% 28.7%

Distance
(km) 103 Tons

Colorado

Tennessee 1,717.5

Colorado

California

1,264.9

Colorado

Oregon

1,369.9

02 (Cereal grains)
904.9 100.0% 0.0%
15 (Coal)
285.8 100.0% 0.0%
15 (Coal)
346.1

94.4%

0.0%

8 States

Total

04 (Animal feed)
66.7

98.7%

0.0%
35 (Electronics)
160.5
97.9% 0.0%

04 (Animal feed)
237.3 100.0% 0.0%
35 (Electronics)

Colorado Washington 1,522.8
Colorado

% Rail

173.2
340.1

2685.4

< 1,000 km
1,000 - 1,500 km
1,500 - 2,000 km
> 2,500 km

> 2,000 by
kmrail ≥ 20%
% transported

99.4%

0.0%
160.5

Notes: No foodstuffs (time limitation)
No alcoholic beverages (tend to break)
No pharmaceuticals stuffs (perishable material)
No machinery (not in bulk, preffered transported by truck)
No agriculture products (time limitation)
Only commodities weighted > 60,000 tons are considered

The same process was completed for the inbound freight coming to Colorado from
surrounding states. The same criteria were used in selecting which commodities would provide
the best opportunity for intermodal integration. The results of the commodity analysis can be
seen in Table 6 [25]. There were 13 states that met the criteria provided in the commodity flow
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analysis, and those were Illinois, Indiana, Kansas, Louisiana, Michigan, Missouri, Nebraska,
Ohio, Wisconsin, California, Oregon, and Washington. The commodities shipped among these
states were found to be base metals, coal, cereal grains, nonmetal mineral products, wood
products, vehicles, natural sands, chemicals, gravel, animal feed, fertilizers, nonmetallic
minerals, base metals, and plastic/rubber.
Table 6. Inbound Freight to Colorado from Surrounding States, 2011
st

From
Illinois

1
(Inbound) Distance
Thousand %
To
(km)
% Rail
Tons
Truck
32 (Base metals)
Colorado 2,097.9
120.3 90.1%
0.0%

Indiana

Colorado

619.8

Kansas

Colorado 1,581.9

Lousiana

Colorado

562.3

Michigan

Colorado 2,255.6

Missouri

Colorado 1,717.5

Nebraska Colorado 1,264.9
Ohio

Colorado 1,369.9

Wisconsin Colorado 1,522.8
Wyoming Colorado

477.4

California Colorado 1,264.9
Oregon

Colorado 1,369.9

Washington Colorado 1,522.8
13 States Colorado

Total

< 1,000 km
1,000 - 1,500 km
1,500 - 2,000 km
> 2,500 km
% transported by rail ≥ 20%

> 2,000 km

nd

rd

2
3
Thousand %
Thousand %
% Rail
% Rail
Tons
Truck
Tons
Truck
33 (Articles-base metal)
73.0
97.7%
1.5%
15 (Coal)
82.9
96.2%
0.0%
04 (Animal feed)
212.9
88.7% 0.0%
22 (Fertilizers)
85.0
85.9% 14.1%
36 (Motorized vehicles)
13 (Nonmetallic minerals)
119.0
31.2%
6.8%
64.3
99.1% 0.0%
31 (Nonmetal mineral products)
12 (Gravel)
131.6 97.6%
0.0%
82.4
100.0% 0.0%
02 (Cereak grains)
04 (Animal feed)
3,520.0 61.4% 31.7%
305.0
79.4% 20.6%
32 (Base metals)
101.7
92.7% 0.0%
11 (Natural sands)
32 (Base metals)
648.1
0.0%
8.2%
66.0
98.5% 0.0%
20 (Basic chemicals)
02 (Cereal grains)
3,088.7 18.4% 22.6%
1,263.2 100.0% 0.0%
31 (Nonmetal mineral products)
24 (Plastic/rubber)
435.3
62.8% 35.9%
141.8
94.4% 0.0%
26 (Wood products)
31 (Nonmetal mineral products)
513.8 36.0% 55.0%
144.4
94.9%
0.0%
26 (Wood products)
297.7 57.2% 25.0%
4,583.4
4,673.8
2,239.9
Notes: No foodstuffs (time limitation)
No alcoholic beverages (tend to break)
No pharmaceuticals stuffs (perishable material)
No machinery (not in bulk, preffered transported by truck)
No agriculture products (time limitation)
Only commodities weighted > 60,000 tons are considered
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2.2

Impacts of Truck Freight Transport on Congestion, Emissions, and Sustainability

2.2.1 Impacts on Congestion and the Supply Chain Network
All goods that are bought, consumed, or manufactured in the U.S. at some point will be
transported by truck. The FHWA provides a perspective on freight congestion; “the American
Trucking Associations have documented that if truck movement stopped in American, within 24
hours, service stations would begin to run out of fuel, manufacturers would develop part
shortages, and U.S. mail and package deliveries would cease, putting thousands of Americans
out of work’ [26]. For freight companies in the U.S., congestion is diminishing productivity and
is increasing the cost of transportation services. These increased costs can come from higher fleet
operation costs, decreased fleet utilization, a decrease in fuel efficiency of the fleet vehicles, and
decreased hours of service for truck drivers.
Figure 11 shows a general diagram of how the supply chain in the U.S. works [28]. The
supply chain network is made up of retailers, distributors, storage facilities, transporters, and
suppliers. Congestion resulting in increased trip times and late deliveries can have major
economic implications. Because of the reliability of the components that make up the supply
chain network, a ripple effect may occur adding costs at every component in the supply chain
[26]. As the population of the U.S. continues to grow, the demand for goods and services
continues to increase, in turn increasing the number to trucks being put onto American highways,
which is increasing congestion, primarily at bottlenecks, and decreasing efficiency of the service.
This congestion is most notable at urban areas with higher population having a higher demand
for goods. The cost of this congestion to the economy is becoming too high. More investment
must be made in finding solutions to truck freight congestion on the U.S. highways, whether it is
expanding infrastructure or exploring alternative modes [27].
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Figure 11. Global Supply Chain Network [28]
2.2.2 Truck Freight’s Impact on Emissions
Freight in the U.S. is becoming more integrated into the transportation planning process,
and with this happening, air quality impacts at all stages of freight transport must be considered
in planning and project development [29]. Due to its rapid growth, truck freight has primarily
become a significant source of air pollution in the U.S. In the past, the Environmental Protection
Agency (EPA) has had relatively less strict regulations on freight emissions compared to that of
passenger vehicles, but because of freight growth, the EPA has issued more strict regulations for
heavy-duty trucks. Rail and waterway freight transport vehicles are much less regulated by the
EPA today compared to trucks but have adapted over time to become more fuel efficient, leading
to a decrease in emissions produced for those vehicles [29].
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Figure 12 shows the fuel consumed in the transportation sector by surface modes,
excluding pipeline, in 2011 [30]. Highway, water, and rail modes combined used just under 265
billion gallons of fuel in 2011. Highway vehicles used about 253 billion of them, roughly 96% of
the total. Freight trucks accounted for 25.1% of total highway gallons consumed, just over 63
million gallons. The combustion of these fuels, primarily gasoline and diesel, are producing
GHG emissions which are polluting the atmosphere.

Figure 12. Fuel Consumption in Transportation Sector by Surface Mode (Million Gallons), 2011
Carbon dioxide (CO2) is the major greenhouse gas emitted through human activities. CO2
accounted for roughly 82% of all GHG emissions from human activities in the U.S. in 2013 [31].
The primary human activity that is known for emitting CO2 is the combustion of fossil fuels such
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as coal, natural gas, and oil, for energy and transportation. Figure 13 shows the U.S. CO2
emissions by source in 2013. The leading source of CO2 emissions in 2013 was electricity at
37%, but transportation followed closely in second at 31%. Industry, residential and
commercial, and non-fossil fuel combustion accounted for the remainder of the CO2 production.

Figure 13. U.S. Carbon Dioxide Emissions by Source, 2013
Figure 14 shows a time-series of GHG emissions categorized by gas in the U.S. from
1990 to 2013 [32]. The four GHG gases shown in the figure include carbon dioxide, methane,
nitrous oxide, and fluorinated gases. Of the four, CO2 was the leader of the four GHG gases with
over 5 billion tons being emitted each year from 1990 to 2013. A 7.4% increase occurred over
the 13 year time span, rising from 5.12 billion metric tons in 1990 to 5.51 billion metric tons in
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2013. The largest amount of CO2 was shown to be emitted in 2007 with just over 6 billion tons
being emitted right before the drop-off that occurred due the 2008 economic recession. Methane,
nitrous oxide, and fluorinated gases all emitted less than 1 billion metric tons over the 13 year
observation period.

Figure 14. U.S. GHG Emissions by Gas, 1990-2013
Figure 15 shows the GHG emissions in the U.S. categorized by the economic sector from
which they are emitted from 1990 to 2013 [32]. Electricity generation was the leader in GHG
emission production from 1990 to 2013. Emissions from electricity generation are continuing to
rise, showing an 11.4% increase over the 13 year observation period. Until 1993, industry was
second in the production of GHG emissions but was passed by transportation due to continued
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population growth. Transportation has continued to separate the gap between itself and the
industrial category, increasing 16.4% from 1990 to 2013, while industrial GHG emission have
decreased over the time period, possibly due to stricter EPA regulations on industrial emissions.
Transportation showed a decrease in emissions in 2009, probably as a result of the 2008
recession, but they are beginning to rise again as the economy is rebounding. Agriculture,
commercial, and residential GHG emissions continue to be significantly lower than that of the
electricity generation, transportation, and industrial sectors.

Figure 15. U.S. GHG Emissions by Economic Sector, 1990-2013
The statistics are showing signs that there will be a continued increase in not only GHG
emissions but also primarily in CO2 emissions in the upcoming years. As the population
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continues to grow, an increase in GHG emissions will continue to occur in the energy and
transportation categories. More vehicles will be placed on the U.S. highway system, increasing
congestion, idle time of the vehicles, and creating more emissions. These CO2 emissions that are
being released by truck freight transport are a major contributor to global warming. Because
CO2, once emitted, stays in the atmosphere for a very long time, it can have a major effect on
global warming if the emissions continue to increase. The increasing concentration of CO2 in the
atmosphere causes the average temperature of the Earth to increase [33]. The most effective way
to reduce CO2 emissions is to reduce fossil fuel consumption. There are many actions that can be
taken to help reduce the amount of CO2 being emitted in the atmosphere in regards to
transportation. Some of these actions include:


Traveling in more fuel-efficient vehicles



Reducing the distance traveled in vehicles



Using alternative fuels with lower carbon content

2.2.3 Transportation Impacts on Sustainability
Sustainability is now one of the major issues surrounding freight transportation and
logistics. For long distance international trade over large bodies of water, there is little room for
discussion: air or ocean vessel will have to be utilized. This narrows the sustainability discussion
to domestic freight shipments, which is where the opportunity lies. There are currently heated
debates about truck freight transport versus alternative modes, primarily rail and waterway. All
modes have their own unique issues. For instance, trucks are currently carrying 70% of freight
that moves through the U.S., but railroads do not have the ability to reach 80% of the
communities across the country. Although this is the case, rail boasts at its ability to transport
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freight in a more environmentally friendly and fuel efficient way. For those that truly want
efficiency and sustainability, there must be more willingness to cooperate and collaborate among
the different modes. There are currently very few companies that will pay the money to engineer
for sustainability, although there are some that have adopted stronger positions on sustainability.
Inbound Logistics stated in a study done for the Academy of Marketing Science that those who
employ effective, globally sustainable enterprise strategies can expect [34]:


Increased profit through significant operational efficiency gains.



Enhancement of people and their communities.



Minimizing reliance on scarce environmental resources while minimizing waste thus
ensuring long-term viability.

Depending on truck transportation is not a sustainable solution. The World Business
Council for Sustainable Development (WBCSD) defines sustainable mobility as, “Meeting the
needs of society to move freely, gain access, communicate, trade and establish relationships
without sacrificing other essential human or ecological requirements today or in the future” [35].
The decisions made today in regards to sustainability in transportation systems will affect the
quality of life for generations to come.

2.3

Synthesis of Truck Freight on Selected NAFTA Corridors
Today, NAFTA is a key contributor to U.S. trade and economy. NAFTA covers a North

American economy with a combined output of $17 trillion [36]. In 2008, the U.S. traded $919.9
billion with NAFTA partners, and 25.1 million jobs have been created from 1993 to 2008 as a
result of NAFTA [36]. NAFTA’s implementation has not only paved the way for strong
economic growth for the U.S. but for all of North America. The commodity flow analysis
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focuses on freight imported into the U.S. from Mexico and also provides commodity flow
through the top ten border ports on the Mexican border by tonnage and dollar value. Figure 16
shows a spatial map displaying the locations of existing NAFTA ports along the Mexican and
Canadian borders. The underlying legend displays the 2010 population in each of the states in the
U.S. The blue bubbles show how many Canadian border ports are in each U.S. state along the
Canadian border, and the green shows how many ports are in each state along the Mexican
border.

Figure 16. Spatial Map of Existing U.S./Mexico and U.S./Canada Border Ports

32

From Figure 16, it can be seen states that have larger populations contain more border
ports. The largest on the Mexican border was Texas, containing 13 border ports followed by
California with 10. Along the Canadian border, Washington contains the most border ports at 26.
From this map, it can be seen where freight is coming into the U.S. and where it is coming in
large volumes. The map also shows how much of each country’s total trade is shared among
partners. For Mexico, 96% of its’ total NAFTA trade was with the U.S. and was valued at $572
billion in 2013. Canada traded 95% of its’ total NAFTA trade with the U.S. and was valued at
$740 billion in 2013.

Figure 17. Top Ten Mexico/US Border Ports by Weight (US Short Tons), 2013
Figure 17 shows the top ten ports on the Mexican border in terms of tonnage of freight
passing through on truck or rail [37]. The figure also shows the percentage of total truck and rail
freight that the port accounts for. From Figure 17, out of just over 50 million tons imported into
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the U.S. from Mexico, it can be seen that the Laredo, TX, border port accounted for a large
majority of the freight imported on truck and rail at 39.2% in 2013. The Eagle Pass, TX, border
port accounted for the next highest at 11.15%, followed by Nogales, AZ, at 10.83%. Figure 18 is
a similar plot showing value of imported freight rather than weight [37]. In 2013, roughly $226
billion worth of goods were imported into the U.S. from Mexico via truck and rail. The Laredo,
TX, border port led all 34 ports with 40.5% of this value passing through. The El Paso, TX,
border port was a distant second at 15.01% and the Otay Mesa port in third at 10.13%. From
Figures 17 and 18, it can be seen that Laredo, TX, is the primary hub for freight entering the U.S.
from Mexico.

Figure 18. Top Ten Mexico/US Border Ports by Value (US Dollars), 2013
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For integration analysis, the modes by which commodities are coming into the U.S. must
be known. Figure 19 shows freight entering the US through Mexican border ports by truck and
rail in 2013 [37]. Just over 50 million tons of freight entered the U.S. in 2013, and of that,
roughly 74% was brought into the country from Mexico by truck, 25% by rail, and only 1% by
pipeline. With 74% of all freight entering by truck, there seems to be much opportunity for rail to
be utilized depending on the distance that the freight will be travelling. Pipelines are limited to
the type of commodity that can be transported by it, such as gas and oil.

Figure 19. Freight Entering U.S. from Mexican Border Ports by Surface Mode, 2013
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Using the analysis that was completed, ports were chosen to be the focus of the NAFTA
study. The selection of the border ports were based on some of the following factors:


Amount of truck freight passing through the border port



Location of the border port along the U.S./Mexico border



Proximity to major freight corridors

Based on these factors, the Laredo, TX, border port and the Otay Mesa, CA, border port were
selected to be the focus of the NAFTA case study. This selection provides a border port along the
west coast of the U.S. and a major border port in the central U.S.

2.4

Spatial Mapping of Major Highways, Freight Rail, and Mississippi River
The major tool used for the analysis in this study is geographic information system (GIS)

software. The use of GIS assists with visualizing, analyzing, and interpreting data to better help
understand relationships, patterns, and trends [38]. GIS is developing a major role in
understanding what is happening and what will happen in geographic space. GIS software is
designed to capture, manage, analyze, and display geographically referenced (geo-referenced)
information. Geospatial analysis is the core strength of GIS and was the analysis tool used for
this study. The GIS software used for this study is GeoMedia Professional 2014 from Integraph
[39].

2.4.1 Spatial Mapping of Major Highways
The GIS software used works from a Microsoft Access database which contains default
geo-referenced data known as “features” in GeoMedia Professional. Some of this data includes
states, counties, interstates, rivers, etc. The first step in the analysis of highway freight corridors
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was to examine the interstates currently housed in the database. Figure 20 shows the interstate
system for the continental U.S created in GeoMedia Pro.

Figure 20. Spatial Map of U.S. Interstate System
Although the interstate features housed in the data base are necessary for the analysis, a
more detailed highway network may be needed to provide detailed spatial analysis of possible
freight corridors. For this reason, the non-interstate NHS highways were added to the map. These
features were added by using a technique known as planimetrics. This technique involves
registering raster imagery and tracing the desired feature from that imagery. This was done for
the U.S. highways for each state. Figure 21 shows the entire NHS for the U.S., including the
interstates that were shown in Figure 20 [40]. This provides a detailed map for spatial analysis
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for finding optimum freight corridors. A detailed step-by-step memo on how planimetrics was
completed can be found in the appendix.

Figure 21. Spatial Map of Complete NHS
With this NHS network completed, much more detailed maps can be developed and
deeper analysis can be done to allow spatial analysis to be performed. An example is Figure 22,
which shows a complete map of the U.S. with the NHS and also shows Canada and Mexico and
the border ports and international bridges between those countries. U.S. Maps such as this one
allow for spatial analysis to know what highways are passing through which border ports and
where freight is entering, and possibly determine which corridors are more congested. From this
type of map, major highway freight corridors can be determined and new ones can be proposed.
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Figure 22. Detailed Spatial Map of U.S. NHS and Bordering Countries
2.4.2 Spatial Mapping of Freight Rail Network
To perform spatial analysis for intermodal integration, a feature must be created for the
freight rail network. The Access database provided did not include rail features at all, so a freight
rail network was developed in GeoMedia Professional so that the spatial analysis for intermodal
integration between highway and rail could be completed. As done with the NHS, planimetrics
was used to develop this network. Raster imagery was registered for each state, then the freight
rail for that state was traced and snapped to the boundary for the rail to connect to when tracing
surrounding states. After planimetrics was completed for the entire continental U.S., Figure 23
was the final product of the Association of American Railroads (AAR) Freight Rail Network
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[41]. When placed, each piece of rail was categorized by the company it was owned by. This
map provides a detailed freight rail network, including regional rail segments. A detailed stepby-step process for completing this map can be seen in the appendix.

Figure 23. AAR Freight Rail Network for the United States by Company
Some data was gathered about the freight rail network displayed in Figure 23 and was
compiled into a table. Table 7 provides a breakdown of the track mileage for each company, the
percent of total rail owned by each company, the number of states covered by each rail line, and
the number employed by each rail company [42]. The total AAR Freight Rail Network contains
136,401 miles of track and employs just over 205,000 people. Based on the statistics provided by
the AAR, the short line/regional lines accounted for the largest portion of the total freight rail
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network at 33%. These are class II & III rail lines and include very minor lines. Union Pacific
(UP) accounted for the largest portion of Class I rail lines at 18% but was closely followed by
BNSF which accounted for 17%. Although UP accounts for more mileage, BNSF reaches more
five more states than UP. CSX was came in third accounting for 12% of Class I rail lines, yet
still reaching 23 states, equivalent to that of UP, followed closely by NS at 11%. CN, CP, and
KCS are the bottom three, accounting for only 8% of the total rail network combined. Figure 24
shows a plot of the distribution of rail line miles among the Class I companies and the short
line/regional lines.
Table 7. AAR Freight Rail Network Detail [42]
Rail Company
BNSF
CN
CP
CSX
KCS
NS
UP
Short Line/Regional
(Class II & III)
Total

Total
U.S.
Miles
22,546
6,139
3,812
16,261
3,007
14,907
24,532

17%
5%
3%
12%
2%
11%
18%

Number of
States
Covered
28
16
13
23
8
22
23

45,197

33%

48

17,985

136,401

100%

N/A

205,266

Percent of
U.S. Rail
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Employees
40,000
22,696
16,000
30,000
6,485
28,600
43,500

Figure 24. AAR Freight Rail Network Ownership Distribution

2.4.3 Spatial Mapping of Mississippi River
For one of the intermodal integration studies, a focus will be placed on moving freight to
the Mississippi River. For this, a detailed map of the Mississippi River and connecting tributaries
needed to be developed. The default U.S. Access database contained geographic data and
features for the rivers throughout the U.S. To develop a map focusing on one river system, a
spatial technique known as buffering was used. Buffering allows one feature to be separated
from a feature class and displayed on its own in the map window. To do this, states that bordered
the Mississippi and Ohio Rivers were selected as the boundary for the buffer, allowing the
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display of only rivers inside of those states. This allows the development of a map focused only
on the Mississippi River region, like the one shown in Figure 25.

Figure 25. Spatial Map of Mississippi River Inland Waterway Network with River Ports
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In Figure 25, the states that are shown in the beige color are known as the “Waterway
States.” This means that these states are the area of focus for this map and contain the waterways
that the analysis will be performed on. They were shaded in the beige color to separate them
from the rest of the U.S. states. All rivers can be seen in the blue color. The Mississippi and Ohio
Rivers were displayed in a thicker line width to provide more emphasis on those rivers, since
they are the primary rivers of focus. The surrounding tributaries are shown in thinner line width.
This map also shows all inland waterway ports along the entire stretch of the Mississippi River.
These ports are shown with a magenta diamond [43]. This provides a basic map to use for the
spatial analysis for the case study.
Each of the maps developed shows a complete system of each of the major surface and
waterway transportation infrastructure. The development of these maps allowed for detailed
spatial analysis to find the best corridors to focus on for the case studies completed in this thesis
and make sure that the best routes are selected.

2.5

Intermodal Integration Studies for Sustainable Freight Transportation
This thesis will look into the three studies in which intermodal integration is proposed for

moving freight from highway to rail and from highway to waterway. In these case studies,
scenarios are selected based on the commodity flow for the region and the opportunity to move
freight from highway to rail or waterway. In these scenarios there must be enough freight
entering and leaving the port to justify moving to an alternative mode, and the commodity type
to be moved must be a bulk, non-perishable item. The following case studies were analyzed, and
the benefits were calculated for each study:

44



Integration of highway and Mississippi River Corridor



Integration of highway and rail for Colorado freight



Integration of highway and rail for selected NAFTA corridors
These case studies show the benefits of moving freight from U.S. highways to rail and

waterway. These studies show the economic benefits, societal benefits, and environmental
benefits from making this transition to alternative freight transportation modes. These three case
studies are different scenarios throughout the country, moving different types of freight by
different modes. This shows how the benefits differ among modes and which modes provide the
most benefit.
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CHAPTER III
GEOSPATIAL ANALYSIS OF MULTIMODAL FREIGHT CORRIDORS IN THE U.S.
3.1

Integrated Highway and Mississippi River Corridor Study
This study focuses on the integration of highway freight transport with the U.S. inland

waterway system, specifically the Mississippi River. One of the largest ports in the state of
Mississippi is the Port of Gulfport, which is located in the central part of the Mississippi Gulf
Coast. The port is a major hub for international trade, primarily from South America, but also
handles some domestic shipments throughout the U.S. With its’ centralized location along the
Mississippi Gulf Coast, the Port of Gulfport is a major contributor to truck traffic along the
southern portion of the state and along the major interstates passing through Mississippi. This
case study will explore the benefits of moving domestic shipments from the port to the
Mississippi River.
The Port of St. Louis is a major freight hub centered on the Mississippi River corridor.
For this reason, a base scenario corridor was proposed for freight only being moved by truck to
the Port of St. Louis. Figure 26 is a spatial map developed in GeoMedia Professional that shows
the base shipping scenario of the probable route taken for commodities shipped by truck to St.
Louis, MO, from Gulfport, MS. The proposed base route would be to take US-49 North 96.1
miles, then turn onto US-84 West 56.5 miles. From US-84, the driver would turn onto I-55 North
and travel 542.6 miles straight into St. Louis, MO. The directions and distances for the base route
are summarized and shown in Table 8. The spatial map displays all existing highway
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infrastructure in the state of Mississippi, including U.S. and state highways, and all interstate
highways for the rest of the United States. Interstate highways are shown as the green lines were
used to analyze the base scenario and to find where there would be opportunity for moving bulk,
non-perishable truck freight to barge. The Mississippi River and other waterway tributaries,
ports, and effected states’ features are also displayed to help find opportunities. The total length
of the base interstate corridor scenario is 695.2 miles.

Figure 26. Base Shipping Scenario for Freight Shipped from Gulfport, MS, to St. Louis, MO
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Table 8. Directions and Distances for Base Corridor
Base Scenario Corridor to St. Louis, MO
Route
Length
U.S. 49 North from Gulfport, MS
96.1 miles
Exit onto U.S. 84 West
56.5 miles
I-55 North into St. Louis, MO
542.6 miles
Total Distance
695.2 miles

A scenario was also developed for moving the same freight from Gulfport, MS, to St.
Louis, MO, but utilizing the Mississippi River to develop a “multimodal corridor” to move the
freight. Figure 27 shows the proposed integrated highway/waterway corridor from the Port of
Gulfport in Gulfport, MS, to St. Louis, MO. This proposed route is displayed with an orange
dashed line overlay. The proposed freight integration corridor includes a short haul truck trip to
the Port of Natchez in Natchez, MS, where truck freight will be loaded onto a barge. This will
include travelling North on US-49 for 91.5 miles from the Port of Gulfport and then heading
West on US-82 for 118.9 miles, which will run into Natchez, MS. From there, freight will be
transferred from truck to barge and shipped upstream on the Mississippi River 769.8 miles,
which will run directly into St. Louis, MO. The directions and distances for the base route are
summarized and shown in Table 9. From St. Louis, freight can be shipped by truck on a short
haul route to surrounding cities. This map shows the same highway infrastructure features as the
base scenario map in Figure 26, which includes interstates for the U.S., U.S. and state highways
in the state of Mississippi, and also inland waterways within the focus area of the case study. The
focus states are shown in the beige color on the map. St. Louis’ centralized location allows for
easy short truck hauls to major freight hubs in the northern U.S. such as Detroit, MI, Chicago,
IL, and Minneapolis, MN. The total distance for the integrated corridor is 980.2 miles from
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Gulfport to St. Louis. Due to the curvy nature of the Mississippi river, there is a significant
difference in length between the two corridor scenarios.

Figure 27. Integrated Highway/Waterway Corridor from Gulfport, MS, to St. Louis, MO
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Table 9. Directions and Distances for Integrated Corridor
Integrated Highway/Waterway Corridor to St. Louis, MO
Route
Length
U.S. 49 North from Gulfport, MS
91.5 miles
U.S. 82 West
118.9 miles
North on Mississippi River into St. Louis, MO
769.8 miles
Total Distance
980.2 miles
Based on the commodity flow analysis, there were 25,588 tons of domestic outgoing
freight leaving from the Port of Gulfport, all of which were iron and scrap metal. For this case
study, the benefits were calculated for moving 30% of this freight from highway to the
Mississippi River. The following benefits were calculated for this case study and will be
discussed in Section 3.4:

3.2



Travel Time Savings



Ton-Mile Cost Savings



CO2 Emission Reduction



Fuel Savings

Integrated Highway and Rail Corridor Study for Colorado

For this study, focus was placed on freight flow to and from Colorado and opportunities for a
new intermodal line were explored. The first step for this case study was to develop a spatial map
which shows an existing intermodal network that is in place. BNSF has one of the largest
intermodal networks in the country, so their network was used to develop the spatial map. The
BNSF intermodal network is made up of different rail lines throughout the U.S., including
BNSF, CSX, NS, KCS, FEC, and FXE, which allows it to reach all regions of the U.S. Using the
image registration and planimetrics geospatial analysis tools, the map in Figure 28 was
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developed [44,45]. In Figure 28, the intermodal routes can be seen as grey dashed lines.
Intermodal facilities are shown throughout the U.S. as red squares, and BNSF “Special-Use”
facilities are shows as purple squares. All major coastal ports in the intermodal network are also
shown as magenta diamonds.

Figure 28. BNSF Intermodal Network
The information gathered from the commodity flow analysis was also used to develop
spatial maps. Maps were developed for commodities 1, 2, and 3 so a visual representation was
presented of how freight was moving to and from Colorado. These maps were shown with the
existing BNSF intermodal network overlaid on the map. These maps can be seen in Figures 29,
30, and 31.
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Figure 29. Freight Distribution of Commodity 1 To and From Colorado
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Figure 30. Freight Distribution of Commodity 2 To and From Colorado
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Figure 31. Freight Distribution of Commodity 3 To and From Colorado

Figures 29, 30, and 31 show the freight distribution of top three commodities shipped to
and from Colorado. The maps show beige triangles for freight shipped from Colorado to other
states and purple diamonds for freight being shipped to Colorado from other states. These
triangles and diamonds increase in size based on the amount of freight being shipped. These
categories can be seen in the legend of the figures. The specifications for the intermodal facilities
and routes remained the same as that shown in Figure 28. A green star was placed on the state of
Colorado, implying that Colorado is the state of focus for this study.
By showing the commodity data to and from Colorado on the map with the intermodal
network, the opportunities for new intermodal lines can easily be seen based on where high
amounts of freight are going. The freight distribution in Figures 29, 30, and 31 show a lot of the
freight going to surrounding states such as Wyoming, Nebraska, and Kansas, but due to their
close proximity to Colorado, these are easy short truck hauls and are not far enough to justify
moving the freight to rail. The decision criteria for route selection included shipping nonperishable commodities and the route must be 500 miles in length. Some opportunity was also
shown for intermodal integration to Washington and Oregon, but the infrastructure is already in
place and already ships much of the freight to this location by rail. There remain two
opportunities for intermodal integration and the opening of a new intermodal line which are to
Wisconsin and to California. Due to the time constraints of this thesis, only one analysis was
performed, and that was for California. Future work may include performing the benefit analysis
of opening an intermodal line directly to Wisconsin.
Once the opportunity for integration was found, possible highway and rail routes were
determined. This was done by using spatial analysis with the NHS and AAR Freight Rail maps.
Using these maps, two highway routes and one rail route were found using infrastructure already
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in place that would run directly to a major freight hub in California. The routes selected run
directly from Denver, CO, to Oakland, CA. Oakland, CA, is home to two intermodal facilities, a
major port facility, and also a special-use facility. Benefit analysis will be performed for each
highway route and for the rail route to determine the benefits of moving freight to rail.

Figure 32. Proposed Highway and Rail Routes from Colorado to California
Figure 32 shows the spatial maps of the proposed routes for benefit analysis. The
intermodal network to which the proposed rail line would be added is shown along with the
entire Eisenhower Interstate System. This was done to show how the routes were selected and fit
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into the current transportation systems. The two proposed highway routes for study are shown in
the pink diagonal buffer zone. Each was labelled “North Route” and “South Route” based on
where they are located with respect to the rail line. The proposed line selected from the AAR
freight rail network to be added to the BNSF intermodal network is highlighted in a light green
dashed line. For easier viewing, Figure 33 provides a clearer map of just the proposed routes
without other existing infrastructure.

Figure 33. Proposed Routes without Other Existing Infrastructure
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These proposed corridors in Figures 32 and 33 provide direct routes from Colorado to
California which are lacking in the existing intermodal network. The proposed northern highway
corridor consists of portions of I-25 and I-80, and stretches 1,231 miles. The southern highway
corridor includes parts of I-70, I-15, I-80, US-50, US-6, and US-50. The southern corridor is
slightly shorter than the northern route at 1,201 miles. The proposed rail corridor is owned by
Union Pacific railroad and is 1,353 miles in length, making it the longest of the three routes.
Table 10. Proposed Route Lengths
Route
Highway Freight Route – North
Highway Freight Route – South
Proposed Intermodal Route

Length
(miles)
1,231
1,201
1,353

From the freight distribution maps, it was determined that 612,000 tons of bulk, nonperishable freight was traded between Colorado and California in 2013. Benefits were calculated
for moving different percentages of this freight from highway to rail. The following benefits
were calculated for this case study and will be discussed in Section 3.4:


Travel Time Savings



Ton-Mile Cost Savings



CO2 Emission Reduction



Fuel Savings

These benefit calculations will determine if this is a good opportunity for utilizing this
existing rail line for moving freight between Colorado and California.
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3.3

Integrated Highway and Rail Case Study for NAFTA Freight Corridors
For this case study, focus will be placed on incoming freight to the U.S. from Mexico

through selected major NAFTA corridors that run through the entire U.S. from Mexico to
Canada. The NAFTA corridors selected for this study were selected primarily based on which
Mexico border ports they were passing through. Laredo, TX, and Otay Mesa, CA, were the two
border ports that had the largest volume of freight entering the U.S. through them and also
provided routes that reach the west coast as well as the central U.S. The commodity analysis
showed that the Laredo, TX, port passed 15.6 million tons of freight by truck through it in 2013
and Otay Mesa/San Ysirdo, CA, ports passed 4.2 million tons by truck. This provides a volume
large enough to justify moving freight to rail.
Once the border ports of focus were determined, routes could be selected for analysis.
This was done by displaying the NHS map as shown in Figure 21 and determining routes that
were fed by this border port. Only interstate routes were selected to provide a cleaner map and
analysis. Also, the interstate infrastructure is what primarily feed large freight hubs in the U.S.,
so finding interstate routes which ran reached from Mexico to Canada was not difficult. Figure
34 shows the highlighted highway corridors that were chosen for the analysis. Once these
corridors were selected, rail corridors that run parallel to each highway corridor were selected
using the AAR freight rail network map. The highways and corresponding rail lines can be seen
in Figure 35. Although routes only connect with two Mexican border ports, they split as they
make their way through the U.S. and connect with four Canadian border ports and two major
freight hubs that are not technically border ports. The Canadian Border ports that are connected
are Blaines, WA, Sweetgrass, MT, Pembima, ND/Noyes, MN, and Detroit, MI. The two which
are not Canadian border ports are Chicago, IL, and Deluth, MN.
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Figure 34. NAFTA Highway Corridors of Focus
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Figure 35. NAFTA Highway and Rail Corridors of Focus

Each of the highway and rail corridors shown in Figures 34 and 35 will be analyzed to
determine the benefits of moving freight from highway to rail. Each of the NAFTA highway
corridors made up of the following interstates and the lengths of each corridor can be seen in
Table 11:


Route A: only I-5 all the way to Blaines, WA



Route B: only I-15 all the way to Sweetgrass, MT



Route C: I-35 to I-29 into Pembina, ND/Noyes, MN



Route D: I-35 into Deluth, MN



Route E: I-35 to I-30 to I-40 to I-55 into Chicago, IL



Route F: I-35 to I-30 to I-40 to I-65 to I-75 into Detroit, MI
Table 11. NAFTA Corridor Lengths
NAFTA Route
A – Interstate 5
B –Interstate 15
C – Interstate 35 & 29
D – Interstate 35
F – Interstate 35, 30, 40, and 55 (Chicago)
E – Interstate 35, 30, 40, 65, and 75 (Detroit)

Mode

Length
(miles)

Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail

1,359
1,732
1,436
1,737
1,800
1,833
1,677
1,600
1,424
1,481
1,594
1,777

The following benefits were calculated for this case study and will be discussed in Section 3.4:


Travel Time Savings



Ton-Mile Cost Savings
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CO2 Emission Reduction



Fuel Savings

3.3.1 Optimization of NAFTA Freight Corridors
Out of the six corridors A through F shown in Figure 35, corridors E and F were selected
for optimization to minimize shipping costs from Laredo, TX, to Michigan. In 2013, the total
amount freight entering the U.S on truck and rail was 19,652,674 tons. The following shows how
much freight flows from Laredo, TX, to Michigan.
Total Freight Entering U.S. through Laredo, TX: 19,652,674 Tons
Percentage of Laredo Freight that goes to Michigan by Truck: 5.51%
Percentage of Laredo Freight that goes to Michigan by Rail: 7.21%
Truck (5.51%): 19,652,674 Tons x 0.0551 = 1,082,862 Tons
Rail (7.21%): 19,652,674 Tons x 0.0721 = 1,416,957 Tons
Total Freight to Michigan: 2,499,819 Tons
Percentage entering Michigan from Laredo on Truck = (1,082,862/2,499,819) x 100 = 43.3%
Percentage Entering Michigan from Laredo on Rail = (1,416,957/2,499,819) x 100 = 56.7%
The routes extend from Laredo, TX, to Dallas, TX, from Dallas, TX to Memphis, TN,
and from Memphis, TN, to Detroit, MI. Using the base scenario of highway (43.3%) and rail
(56.7%) freight distribution, optimization analysis was performed on the selected routes. The
detailed optimization analysis is presented in Section 3.5. Results are compared for savings from
diverting 5%, 10%, 15%, and 20% truck loads to rail.
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3.4

Savings, Benefits, and Emission Reduction from Intermodal Integration
There are areas where there could be significant benefits in considering alternative modes

to move freight rather than highway corridors. For each of the case studies discussed, the travel
time savings, ton-mile cost savings, and CO2 emission reductions were calculated. In the
calculation of these benefits and savings, there were some average values that were used. These
can be seen in Tables 12 and 13. Table 12 shows the average net freight ton-miles per gallon for
truck, rail, and barge. These values are used in the calculation of CO2 emissions. Table 13 shows
the average ton-mile cost in cents for truck, rail, and barge. Both tables show truck to have the
highest ton-mile cost with the lowest net freight ton-miles per gallon. They also show the barge
to have the lowest ton-mile cost with the highest net freight ton-mile per gallon. These values are
used in the total ton-mile cost savings calculations.
Table 12. Net Freight Ton-Mile per Gallon by Mode [46]
Mode
Truck
Rail
Barge

Net Freight
Ton-Mile per
Gallon
155
413
576

Table 13. Average Ton-Mile Cost (Cents) by Mode [46, 47]
Mode
Truck
Rail
Barge

Average
Ton-Mile Cost
(Cents)
34.39
3.95
2.17
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3.4.1 Mississippi River Corridor
(a) Travel Time Savings
Truck trips were calculated using Equation 1, and travel time per trip was calculated
using Equation 2. Below are some of the known data and assumptions used for calculating total
travel time for the Base Truck Scenario which is hauling all freight from Gulfport, MS, by truck
to St. Louis, MO, on the route discussed in Section 3.1. All calculations are made to determine
the savings and benefits, assuming 30% of the total domestic freight (for illustration) is being
removed from highway and onto barge to travel on the Mississippi River.


Total Domestic Freight Amount for Port of Gulfport: 25,588 Tons



30% of Domestic Freight for Highway/Waterway Integration: 7,676 Tons



Assumptions for Base Scenario Trucks [46]:
o 20-Ton Truck Capacity
o

55 mph Average Speed

o

4 hours of stops for rest, fuel, and food per trip

Number of Trips =

Travel Time per Trip (hrs) =



Total Freight (Tons)
Capacity (Tons per Vehicle)

(1)

Length (miles)
+ Time for Stops (hrs)
Speed (mph)

(2)

Base Scenario Trucks: Travel Time Calculations
o Total Number of Truck Trips for All Outbound Freight (Equation 1):
25,588 Tons/20 Tons per Truck = 1,280 Trips
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o Total Time taken per Truck from Gulfport, MS, through US-49, US-82, and I-55 to
St. Louis, MO, (Equation 2):
(695 Miles/55 mph) + 4 hours (stops, fuel, food) = 16.6 hours per Truck Trip
o Total Travel Time for 384 Truck Trips:
16.6 hours per trip x 1,280 trips = 21,248 hours
The calculations below are for the short haul truck portions of the Integrated
Highway/Waterway Scenario. The truck portion of the integrated scenario uses the same
assumptions as that in the Base Truck Scenario for the trucks hauls. The only change is the
length of the route being driven, which is now from Gulfport, MS, to Natchez, MS, and there are
no stops for rest due to a significantly shorter trip.


Integrated Highway/Waterway Corridor Travel Time Calculations for Truck Portion
(using same truck assumptions as for base scenario):
o Number of Short Haul Truck Trips to Move 30% of Outbound Freight (Equation 1):
7,676 Tons/20 Tons per Truck = 384 Truck Trips
o Total Time taken per Truck from Gulfport, MS up US-49 North, US-82 West into
Natchez, MS (Equation 2):
216 Miles/55 mph = 4 hours per Truck Trip
o Total Travel Time for 384 Truck Trips to Natchez, MS:
4 hours x 384 Short Haul Trips = 1,536 hours
Barge trips were calculated using Equation 1, and travel time per trip was calculated

using Equation 2. The following are some assumptions used for the calculations of travel time
and barge trips for the Mississippi River Corridor from Natchez, MS, to St. Louis, MO.
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Assumptions for Barge Freight on the Mississippi River from Port of Natchez to St. Louis,
MO
o 1500 Tons per Barge (75 20-Ton Truck Loads)
o 4 knots (5 mph) upstream
o Non-stop travel using multiple operators (no stoppage for fuel, food, rest, etc.)

The following calculations were made using the assumptions previously listed for barge:


Integrated Highway/Waterway Corridor: Travel Time Calculations for Barge
o Total Number of Barge Trips (Assuming slight overload) (Equation 1):
7,676 Tons/ 1500 Tons per Barge = 5 Barge Trips
o Hours per Trip from Gulfport, MS, to Natchez, MS, by Truck and from Natchez, MS,
to St. Louis, MO, by Barge (Equation 2):
(216 Miles/55 mph) (Truck) + (768 Miles/5 mph) (Barge) = 158 Hours per Trip
4 Hours (Trucks) + 154 Hours (Barge) = 158 Hours
o Total Travel Time:
(4 Hours x 384 Trips) (Truck) + (158 Hours x 5 Barge Trips) = 2,306 Hours
1,536 Hours (Truck) + 770 Hours (Barge) = 2,306 Hours
o Travel Time for Remaining 70% of Freight by Highway:
(1280 Trips – 384 Short Haul Trips) x 16.6 hours per trip = 14,874 Hours
o Total Time to Move 100% of Freight Using Multimodal Integration:
14,874 Hours + 2,306 Hours = 17,180 Hours
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The following should be noted about the calculations made:


Tug boat operators can move more than one barge of commodities and shipments, but
assuming different trips to move total outgoing amount since freight will not ship at one
time.



The above analysis does not consider interruptions in freight truck travel due to highway
incidents or barge travel interruptions due to draught and incidents.

(b) Ton-Mile Cost Savings
Total ton-mile cost was calculated using Equation 3. Also, the average ton-mile cost
values from Table 13 were also used in these calculations.

Ton − Mile Cost per Year ($) = (Tonnage x Length)x (



Average Ton − Mile Cost (Cents)
)
100

Base Scenario Corridor Long Haul Trucks Cost
o Total Ton-Mile Cost for Trucks Carrying 30% of Total Freight (Equation 3):
(25,588 Tons x 695 Miles) x (34.39 cents/100) = $6.1 Million



Integrated Highway/Waterway Corridor Cost
o Total Ton-Mile Cost for 30% of Freight to Be Moved to New Integrated
Highway/Waterway Corridor (Equation 3):
(7,676 Tons x 216 Miles) x (34.39 cents/100)
+ (7,676 Tons x 768 Miles) x (2.17 cents/100) = $0.7 Million
o Total Ton-Mile Cost to Ship Remaining 70% by Highway Corridor:
(17,912 Tons x 695 Miles) x (34.39 cents/100) = $4.3 Million
o Total Ton-Mile Cost to Ship by Multimodal Corridor:
$4.3 Million + $0.7 Million = $5.0 Million
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(3)

(c) CO2 Emission Reduction
CO2 emissions were calculated using Equation 4 [48]. Also, the net freight ton-miles per
gallon values from Table 12 were used in these calculations. According to the EPA, the average
CO2 emissions per gallon of diesel fuel are 22.2 lbs/gal [49].
Tonnage x Length (Miles) x Emissions per Gal of Diesel(
CO2 Emissions (Tons) = (



Ton − Mile
Net Freight Ton − Miles per Gallon (
)
Gal

lb
)
gal
) /2000 lb

Base Scenario Long Haul Trucks:
o CO2 Emission for Trucks Carrying 30% of Total Freight (Equation 4):
(25,588 Tons x 695 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 1,274 Tons



Integrated Highway/Waterway Corridor Short Haul Trucks
o CO2 Emissions for Trucks Carrying 30% of Total Freight on Short Haul Routes
(Equation 4):
(7,676 Tons x 216 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 118 Tons



Integrated Highway/Waterway Corridor Barge from Natchez, MS, to St. Louis, MO:
o CO2 Emissions for Barge Carrying 30% of Total Freight on Mississippi River to St.
Louis, MO (Equation 4):
(7,676 Tons x 768 Miles x 22.2 lbs/gal / 576 Ton-Miles/gal)/2000 lbs = 114 Tons



Integrated Highway/Waterway Corridor Remaining 70% of Freight
o CO2 Emissions for Trucks Carrying 70% of Total Freight Highway (Equation 4):
(17,912 Tons x 695 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 891 Tons



Integrated Highway/Waterway Corridor Total CO2 Emissions
o Total CO2 Emissions for Integrated Multimodal Corridor
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(4)

118 Tons + 114 Tons + 891 Tons = 1,123 Tons

(d) Results and Discussion
Based on the calculations, much benefit can be found in moving just 30% of the total out
going freight from the Port of Gulfport from the highway to barge on the Mississippi River. A
summary of the results can be seen in Table 14. Although the base scenario provides a much
shorter route, there is a 19% reduction in travel time dropping from 21,248 hours to move all
freight by highway to 17,180 hours by integrating the Mississippi River. This is due to a
significant drop in the number of trips due to barge having a much larger capacity to haul freight.
Using an integrated corridor also shows a reduction in CO2 emissions by 11.7 % from 1,274 tons
of CO2 emitted to 1,124 tons. By removing 30% of the freight to waterway there was a savings
of approximately $1.1 million, which is a large amount of money for a relatively small amount of
freight. There was an 18% decrease in total ton-mile cost to ship by the integrated route rather
than the base scenario corridor. Figure 36 shows a visual comparison of the two corridors and the
reduction in total travel time and CO2 emissions. The integrated corridor beats the base corridor
scenario in each category.

Table 14. Summary of Benefit and Savings Calculations
Length (miles)
Route
Base Interstate Corridor
Scenario
Integrated
Highway/Waterway – 30%
Moved to Water

Total
Travel
Time
(hours)

CO2
Emission
(Tons)

Total TonMile Cost
per Year,
$Million

Highway

Barge

695

0

21,248

1,274

$6.1

216

768

17,180

1,124

$5.0
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Figure 36. Base Scenario Corridor vs. Integrated Highway/Waterway Corridor Results
% Truck Diverted

Travel Time Reduction

Ton-Mile Cost Savings

CO2 Reduction

10%

6.3%

6.2%

6.9%

20%

12.2%

12.4%

7.8%

100%

63.5%

61.9%

39.2%

3.4.2 Colorado/California Case Study
(a) Travel Time Savings
Trips were calculated using Equation 1, and travel time per trip was calculated using
Equation 2 shown in the previous section. These calculations are made to compare the travel
time savings from moving 30% of the total bulk, non-perishable freight shipped between
Colorado and California along the three routes. The following given data and assumptions were
used in calculating the travel time for the two highway and one rail corridor selected between
Colorado and California.
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Total Freight Amount: 612,000 Tons



30% of Freight Moved to Rail: 183,600 Tons



Assumptions for Base Scenario Trucks:
o 25-Ton Truck Capacity
o 55 mph Average Speed
o 8 hours of stops for rest, fuel, and food per trip.



Assumptions for Rail Scenario:
o 100-Ton Rail Car Capacity
o 25 mph Average Speed
o 4 hours of stops for rest, fuel, and food per trip.
o 10 cars per train trip dedicated to freight moved to rail from highway.
o Train car carries 4.4 truckloads, 44 cars per train trip.

Using the data above, the following calculations were made for each of the proposed corridors:


North Highway Freight Route: Travel Time Calculations
o Total Number of Truck Trips 30% of Total Freight between CA and CO (Equation 1):
183,600 Tons/25 Tons per Truck = 7,344 Trips
o Total Time taken per Truck to Travel from CA to CO (Equation 2):
(1,231 Miles/55 mph) + 8 hours (stops, fuel, food) = 30.4 hours per Truck Trip
o Total Travel Time for 7,344 Truck Trips (30% of Freight):
(30.4 hours x 7,344 Trips) (Travel) + (8 hours x 7,344 Trips) (Stops) = 223,111 Hours



South Highway Freight Route: Travel Time Calculations
o Total Number of Truck Trips 30% of Total Freight between CA and CO (Equation 1):
183,600 Tons/25 Tons per Truck = 7,344 Trips
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o Total Time taken per Truck to Travel from CA to CO (Equation 2):
(1,201 Miles/55 mph) + 8 hours (stops, fuel, food) = 29.8 hours per Truck Trip
o Total Travel Time for 7,344 Truck Trips (30% of Freight):
(29.8 hours x 7,344 Trips) (Travel) + (8 hours x 7,344 Trips) (Stops) = 219,118 Hours


Proposed Rail Intermodal Route: Travel Time Calculations
o Total Number of Rail Trips for 30% of Total Freight from CA to CO (Equation 1):
(183,600 Tons/110 Tons per rail car)/44 Cars per Train Trip= 42 Trips
o Total Time taken per Truck to Travel from CA to CO (Eq. 2):
(1,353 Miles/25 mph) + 4 hours (stops, fuel, food) = 58.1 hours per Truck Trip
o Total Travel Time for 7,344 Truck Trips (30% of Freight):
(58.1 hours x 42 Trips)(Travel) + (4 hours x 42 Trips)(Stops) = 2,436 Hours

(b) Ton-Mile Cost Savings
Total ton-mile cost was calculated using Equation 3. Average ton-mile costs for each
surface mode shown in Table 13 were also used in the following ton-mile cost calculations.


North Highway Freight Route: Ton-Mile Cost Calculations
o Total Ton-Mile Cost for Trucks Carrying 30% of Total Freight (Equation 3):
(183,600 Tons x 1,231 Miles) x (34.39 cents/100) = $259 Million



South Highway Freight Route: Ton-Mile Cost Calculations
o Total Ton-Mile Cost for Trucks Carrying 30% of Total Freight (Equation 3):
(183,600 Tons x 1,201 Miles) x (34.39 cents/100) = $253 Million



Proposed Rail Intermodal Route: Ton-Mile Cost Calculations
o Total Ton-Mile Cost for Trucks Carrying 30% of Total Freight (Equation 3):
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(183,600 Tons x 1,353 Miles) x (3.95 cents/100) = $33 Million

(c) CO2 Emission Reduction
CO2 emissions were calculated using Equation 4 [48]. Also, the net freight ton-miles per
gallon values from Table 12 were used in these calculations. According to the EPA, the average
CO2 emissions per gallon of diesel fuel are 22.2 lbs/gal [49].


North Highway Freight Route: CO2 Emission Calculations
o CO2 Emission for Trucks Carrying 30% of Total Freight (Equation 4):
(183,600 Tons x 1,231 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 53,947 Tons



South Highway Freight Route: CO2 Emission Calculations
o CO2 Emission for Trucks Carrying 30% of Total Freight (Equation 4):
(183,600 Tons x 1,201 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 52,636 Tons



Proposed Rail Intermodal Route: CO2 Emission Calculations
o CO2 Emission for Trucks Carrying 30% of Total Freight (Equation 4):
(183,600 Tons x 1,353 Miles x 22.2 lbs/gal / 413 Ton-Miles/gal)/2000 lbs = 22,250 Tons

(d) Results and Discussion
Based on the results from the calculations, significant savings can be observed by moving
just 30% of the total non-perishable, bulk freight from highway to rail between Colorado and
California. Table 15 shows the two probable highway routes that would be taken between the
two states and one proposed rail route for freight to be moved to. This table includes the lengths
of each route in miles, the total freight shipped between Colorado and California, and the tonmiles for each of the routes. Based on the results summarized in Table 16, the rail intermodal
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route showed a significant reduction in travel time per year at just over 2,400 hours, where the
highway routes were each well over 219,000 hours. This is due to such a small capacity of the
trucks causing the need to make many more truck trips, whereas the rail cars have a much larger
capacity. Therefore there is no need to make near as many trips as the trucks. Ton-mile costs to
move 30% of the proposed freight amount were also significantly lower for the rail route at just
over $10 million, whereas both highway routes were over $75 million. The CO2 emissions for
the rail route were over half that of the highway route at 6,600 tons of CO2. The highway routes
both emitted just over 15,000 tons of CO2 each. A plot of the travel time and CO2 emissions for
each route can be seen in Figure 37. Based on the results, the commodity flow analysis shows
opportunity to move some freight to rail between Colorado and California. By utilizing existing
rail infrastructure, there would be a significant reduction in total travel time, total ton-mile cost,
and in CO2 emissions. However rail is a slower alternative, so by shipping non-perishable, bulk
freight, time would be an issue.
Table 15. Proposed Corridor Data
Route

Length
(miles)

Highway Freight Route – North
Highway Freight Route – South
Proposed Intermodal Route

1,231
1,201
1,353

Freight between
CA and CO
(Tons)

Ton-Miles

183,600

225,993,240
220,503,600
248,355,720

Table 16. Summary of Colorado Corridor Results
Route

Total Ton-Mile
Cost, Million $

Highway Freight Route – North

$78

Total Travel
Time per Year
(hours)
223,111

Highway Freight Route – South

$76

219,118

15,791

Proposed Rail Intermodal Route

$10

2,436

6,675

75

Total CO2
Emissions per
Year (Tons)
16,184

Figure 37. Highway Corridors vs. Rail Intermodal Route from Colorado to California
% Truck Diverted

Travel Time Reduction

Ton-Mile Cost Savings

CO2 Reduction

10%

98.9%

58.3%

87.2%

20%

98.9%

58.3%

87.2%

100%

98.9%

58.3%

87.2%

3.4.3 NAFTA Corridors
The following calculations were completed for each route, but the example shown is only
for Route A to provide how the equations were used to calculate the results. The results for the
other routes are summarized in the table in the “Results and Discussion” section. The
calculations below were also completed for 20%, 40%, 60%, and 100% of total freight, but
because it is the most conservative of the options, 20% was chosen to be shown in the final
results.
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(a) Travel Time Savings
Trips were calculated using Equation 1, and travel time per trip was calculated using
Equation 2, both of which were previously discussed. These sample calculations are made to
compare the travel time savings of moving 20% of the total truck freight entering the U.S. from
Mexico from highway to rail. The following given data and assumptions were used in
calculating the travel time for each of the selected highway and rail NAFTA corridors.


Total Freight Amount Entering U.S. on Trucks: 4,201,887 Tons for Otay Mesa, CA
15,693,635 Tons for Laredo, TX



20% of Freight Moved to Rail: 840,377 Tons for Otay Mesa, CA
3,138,727 Tons for Laredo, TX



Assumptions for Base Scenario Trucks:
o 25-Ton Truck Capacity
o 55 mph Average Speed
o 8 hours of stops for rest, fuel, and food per trip.



Assumptions for Rail Scenario:
o 100-Ton Rail Car Capacity
o 25 mph Average Speed
o 4 hours of stops for rest, fuel, and food per trip
o 10 cars per train trip dedicated to freight moved to rail from highway
o Train car carries 4.4 truck loads, 44 cars per train trip



Route A Highway: Travel Time Calculations
o Total Number of Truck Trips 20% of Total Freight along Route A (Equation 1):
840,377 Tons/25 Tons per Truck = 33,615 Trips
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o Total Time taken per Truck to Travel on Route A (Equation 2):
(1,359 Miles/55 mph) + 8 hours (stops, fuel, food) = 32.7 hours per Truck Trip
o Total Travel Time for 33,615 Truck Trips (20% of Freight):
(32.7 hours x 33,615 Trips)(Travel) + (8 hours x 33,615 Trips)(Stops) = 1,099,519 Hours


Route A Rail: Travel Time Calculations
o Total Number of Rail Trips 20% of Total Freight along Route A (Equation 1):
(840,377 Tons/110 Tons per rail car)/44 Cars per Train Trip= 174 Trips
o Total Time taken per Rail Trip to Travel on Route A (Equation 2):
(1,732 Miles/25 mph) + 6 hours (stops, fuel, food) = 75.3 hours per Truck Trip
o Total Travel Time for 174 Train Trips (20% of Freight):
(75.3 hours x 174 Trips)(Travel) + (6 hours x 174 Trips)(Stops) = 13,071 Hours

(b) Ton-Mile Cost Savings
Total ton-mile cost was calculated using Equation 3. Average ton-mile costs for each
surface mode shown in Table 13 were also used in the following ton-mile cost calculations.


Route A Highway: Ton-Mile Cost
o Total Ton-Mile Cost for Trucks Carrying 20% of Total Freight (Equation 3):
(840,377 Tons x 1,359 Miles) x (34.39 cents/100) = $393 Million
o Total Ton-Mile Cost per 100 miles for Trucks Carrying 20% of Total Freight:
$393 Million/(1,359 Miles/100 Miles) = $28.90/100 miles



Route A Rail: Ton-Mile Cost
o Total Ton-Mile Cost for Trucks Carrying 20% of Total Freight (Equation 3):
(840,377 Tons x 1,732 Miles) x (3.95 cents/100) = $57 Million
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o Total Ton-Mile Cost per 100 miles for Trucks Carrying 20% of Total Freight:
$393 Million/(1,359 Miles/100 Miles) = $3.32/100 miles

(c) CO2 Emission Reduction
CO2 emissions were calculated using Equation 4 [48]. Also, the net freight ton-miles per
gallon values from Table 12 were used in these calculations. According to the EPA, the average
CO2 emissions per gallon of diesel fuel are 22.2 lbs/gal [49].


Route A Highway: CO2 Emissions
o CO2 Emission for Trucks Carrying 20% of Total Freight (Equation 4):
(840,377 Tons x 1,359 Miles x 22.2 lbs/gal / 155 Ton-Miles/gal)/2000 lbs = 81,787 Tons
o CO2 Emission per 100 miles for Trucks Carrying 30% of Total Freight:
(81,787 Tons / (1,359 Miles/100 Miles) = 6,018 Tons/100 Miles



Route A Rail: CO2 Emissions
o CO2 Emission for Trucks Carrying 20% of Total Freight (Equation 4):
(840,377 Tons x 1,732 Miles x 22.2 lbs/gal / 413 Ton-Miles/gal)/2000 lbs = 39,120 Tons
o CO2 Emission per 100 miles for Trucks Carrying 30% of Total Freight:
(81,787 Tons / (1,732 Miles/100 Miles) = 2,259 Tons/100 Miles

(d) Results and Discussion
The calculations previously shown were made for each NAFTA route and corresponding
rail line for the amount of truck freight that enters the border port each route was connected to.
For routes A and B, the Otay Mesa and San Ysirdo border ports were used, and for routes C
through F, the Laredo, TX, border ports were used. A full breakdown of each corridor, their
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length, the Mexican border port and Canadian border port they connect to, and the freight
entering the Mexican border port by truck in 2013 can all be seen in Table 17. Table 18 shows a
complete breakdown of the results calculated in the previous sections for each truck and rail
corridor, and Table 19 shows the percent change in the highway and rail options. For all
corridors, the travel time savings was the most significant, reducing approximately 98% to 99%
in hours of travel on each of the NAFTA corridors by moving 20% of the freight from highway
to rail. All corridors also saw a significant reduction in CO2 emissions and in ton-mile costs for
each corridor. The reduction in CO2 for all corridors was significant with the smallest reduction
being 52.2% for Route A and the largest being 64.2% for Route D. By diverting the freight, and
significant savings in ton-mile cost was also observed with all corridors reducing in the 85% to
90% range.
Table 17. Selected NAFTA Corridor Information

NAFTA Route

A – Interstate 5
B –Interstate 15
C – Interstate 35 & 29

D – Interstate 35

E – Interstate 35, 30, 40, and 55
(Chicago)
F – Interstate 35, 30, 40, 65, and
75 (Detroit)

Mode

Length
(miles)

Truck

1,359

Rail

1,732

Truck

1,436

Rail

1,737

Truck

1,800

Rail

1,833

Truck

1,677

Rail

1,600

Truck

1,424

Rail

1,481

Truck
Rail

1,594
1,777
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Mexico
Border
Post

Canada
Border
Post

San Ysirdo,
Blaines,
CA/ Otay
WA
Mesa, CA
San Ysirdo,
Sweetgrass,
CA/ Otay
MT
Mesa, CA
Pembima,
Laredo, TX
ND/
Noyes, MN
Duluth,
MN
Laredo, TX
(no border
post)
Chicago,
IL
Laredo, TX
(no border
post)
Laredo, TX

Detroit, MI

2013 Freight
Entering
U.S. by
Truck
(Tons)
4,201,887

4,201,887

15,693,635

15,693,635

15,693,635

15,693,635

Table 18. Travel Time, Ton-Mile Cost, and CO2 Emission Results for NAFTA Corridors

NAFTA Route

Mode

A – Interstate 5
B –Interstate 15
C – Interstate 35 & 29
D – Interstate 35
E – Interstate 35, 30, 40, and 55
(Chicago)
F – Interstate 35, 30, 40, 65, and 75
(Detroit)

Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail
Truck
Rail

Travel Time
per Year for
20% Freight
(hrs)
1,099,519
14,378
1,146,580
14,416
5,113,272
56,583
4,832,498
49,934
4,254,972
46,539
4,643,033
54,985

Total TonMile Cost
per Year
($ Millions)
$393
$57
$415
$58
$1,943
$227
$1,810
$198
$1,537
$184
$1,720
$220

Total CO2
Emissions
(Tons per
Year)
81,787
39,120
86,421
39,233
404,592
154,628
376,945
134,973
320,077
124,934
358,289
149,904

Table 19. Percent Change in Benefits for NAFTA Corridors

NAFTA Route

Benefit for Moving 20% Freight from Highway to Rail
Reduction in
Reduction in
Reduction in
Percent
Percent
Percent
Travel Time
CO2 Emissions
Ton-Mile Cost
Change
Change
Change
(hrs)
($ Millions)
(Tons per Year)

A - Interstate 5

1,085,141

98.7%

42,667

52.2%

$335

85.4%

B -Interstate 15

1,132,164

98.7%

47,189

54.6%

$357

86.1%

C - Interstate 35 & 29

5,056,689

98.9%

249,964

61.8%

$1,715

88.3%

D - Interstate 35

4,782,564

99.0%

241,972

64.2%

$1,612

89.0%

E - Interstate 35, 30, 40, and 55 (Chicago)

4,208,434

98.9%

195,143

61.0%

$1,353

88.1%

F - Interstate 35, 30, 40, 65, and 75 (Detroit)

4,588,048

98.8%

208,384

58.2%

$1,500

87.2%

The benefit and cost analysis was conducted to determine the impact of diverting 20%, 40%, and
60% truck freight to rail. For brevity, detailed results are shown only for 20% truck freight
diverted to rail.
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Figure 38. Travel Time and CO2 Emissions for Selected NAFTA Corridors
Figure 38 provides a plot of the travel time savings and CO2 emission reductions for each
of the NAFTA corridors. This plot provides a visualization of the significant reductions that can
be expected by just moving 20% of truck freight entering the U.S. to rail for long haul trips.

3.4.4 Fuel Cost Savings
Other more indirect benefits and savings could be observed my moving freight from
highway to rail. One of the major savings not discussed in the previous section is fuel cost
savings from removing trucks from highways. This savings was calculated for each case study
using Equation 5 shown below.
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Fuel Cost Savings per Truck = (

Route Length
) x Fuel Cost
Fuel Efficiency

(5)

According to Uddin [48], the average fuel efficiency for a diesel engine heavy duty truck
is 5.9 miles per gallon. The fuel cost for these calculations used $2.50 per gallon, which is
conservative from a savings aspect. Although diesel prices may be slightly higher, the larger the
increase in price, the more the amount of savings will increase.
(a) Mississippi River Fuel Cost Savings
By choosing to ship freight that is going to St. Louis, MO, by barge rather than by the
base scenario highway route, there is a savings of $294.50 per truck making the trip. Eliminating
30% of the truck freight from the highway, which is 384 truck trips, there is a fuel savings of
$113,088, using the 695-mile truck route for the calculations.
(b) Colorado/California Corridor Fuel Cost Savings
Using Equation 5, by moving 30% of the non-perishable, bulk freight between Colorado
and California from highway to rail, there will be a significant savings in fuel cost. By removing
30% of truck freight from the North highway route, $522 per truck can be saved; and by
removing 30% of freight form the South highway route, $509 per truck can be saved. The total
savings for each route can be seen in Table 20.
Table 20. Fuel Cost Savings from Removing 30% of Freight from Highway Corridors
Route
Highway Freight Route – North
Highway Freight Route – South
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Total Cost Fuel
Savings
$3,830,394
$3,737,349

(c) NAFTA Corridor Fuel Cost Savings
Due to such a large amount of freight being moved through the border ports and the long
length of the routes used in the calculations, there were significant fuel cost savings observed for
all NAFTA corridors. Table 21 shows a complete summary of results for fuel cost savings by
diverting 20% truck to rail for each NAFTA route, which includes fuel cost savings per truck and
total fuel cost savings. The largest savings was Route C with $763 per truck. This is due to the
large amount of freight coming through Laredo, TX, and the longer length of the route. The
smallest savings was Route A, which had a lower amount of freight coming through the Otay
Mesa border port and was a slightly shorter route than the others. Even though some savings
were lower than others, all routes showed significant fuel cost savings from removing only 20%
of trucks from the highway corridors. The lowest amount saved was still found to be just over
$19 million for Route A, and the greatest savings was just over $95 million for Route C.
Table 21. Fuel Cost Savings for Each NAFTA Corridor (20% Trucks Diverted to Rail)
Fuel Cost
Savings per
Truck

Total Fuel
Cost Savings

A – Interstate 5

$576

$19,357,168

B –Interstate 15

$608

$20,453,931

C – Interstate 35 & 29

$763

$95,757,773

D – Interstate 35

$711

$89,214,325

E – Interstate 35, 30, 40, and 55 (Chicago)

$603

$75,755,038

F – Interstate 35, 30, 40, 65, and 75 (Detroit)

$675

$84,798,828

NAFTA Route
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3.4.5 Additional Societal Benefits
There are many other benefits associated with removing truck traffic from the nation’s
major freight corridors. One of the top issues surrounding freight transportation is operator
fatigue [50]. According to Advocates for Highway & Auto Safety, each year truck crashes kill
over 5,000 people and injure 150,000 more, and heavy duty trucks are involved in multiplevehicle fatal crashes at twice the rate of passenger vehicles [51]. Truck driver fatigue contributes
to as many as 30-40% of all heavy truck crashes. Even though many rules and regulations have
been developed in recent years to limit truck drivers’ hours behind the wheel, many drivers resist
rules on sleep, despite the risks, due to strict time constraints on freight arrival [52]. By diverting
freight to alternative modes, the possibility for driver fatigue related crashes is being reduced.
Modes such as rail and barge do not have a constant encounter with passenger traffic like that of
trucks on the highway. Fewer trucks making long haul routes on the highway reduces the
chances of these crashes to occur.
Many see the diversion of truck freight from the highway as an issue due to the
elimination of trucking jobs, but this is not necessarily the case. When diverting freight trucks to
waterway and rail, there will still be a need for short haul trucking to reach intermodal terminals
of rail and waterway ports. The same number of trips will be made just not the same distance
drivers were originally travelling. This makes highways less congested as well as reduces driver
fatigue on the highways. When utilizing rail corridors, the development of more intermodal
facilities and the heavier operation and maintenance of the rail will develop many jobs. Where
there is a possibility for long-haul truck driver job reduction by utilizing rail, there will be a huge
increase in short haul trucks in the rail industry. Due to these reasons, there should be no decline
in jobs and business demand due to short haul trucking operations.
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3.5

Optimization Analysis for NAFTA Freight
The NAFTA freight routes chosen for optimization can be seen in Figure 39 as E

and F on the map and the distance detail is shown in Table 21. The routes, E and F, selected to
optimize the minimum shipping cost share the same corridor segment from Laredo, TX, via
Dallas to Memphis, TN. The corridor then splits at Memphis into two segments (East and West),
and each run separately to Michigan. The East corridor segment goes from Memphis to Detroit
via Cleveland, OH, and the West corridor segment goes from Memphis to Detroit via Chicago,
IL.

Figure 39. Spatial Map Showing Routes Chosen for Optimization
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Table 22. Optimization Corridors and Distances (miles)
Corridor
Laredo, TX - Dallas, TX
Dallas, TX - Memphis, TN
Memphis, TN - Detroit, MI

Distance (mi)
2-West
Highway Rail Corridor
415.3
432.5
443.2
509.9
via
via
Cincinatti,
695.3
714.2 Chicago,
OH
IL
1-East
Corridor

Distance (mi)
Highway Rail
415.3
432.5
443.2
509.9
810.9

732.1

Since there is only one corridor from Laredo to Memphis, this shipping cost is fixed for a
given proportion of rail and highway shipments and unable to be optimized. Equation 6 was used
to calculate the shipping cost for the single corridor from Laredo to Memphis for the base
scenario, which is moving the freight as is and not diverting any more to rail.
CLDM = ((. 433 − j) ∗ T ∗ HDMemphis ∗ CH) + ((. 567 + j) ∗ T ∗ RDMemphis ∗ CR)

(6)

CLDM = Cost to ship freight from Laredo via Dallas to Memphis
T = Total Freight from Laredo to Memphis, Tons
j = Reduction in Proportion of Freight Shipped on Highway (0, 0.05, 0.1, 0.15, 0.2)
HDMemphis =Highway Distance from Laredo via Dallas to Memphis, miles
RDMemphis = Rail Distance from Laredo via Dallas to Memphis, miles
CH = Shipping Cost by Highway Truck, 34.39 cents per ton-mile
CR = Shipping Cost by Rail, 3.95 cents per ton-mile
The CLDM shipping costs were calculated for j equal to 0%, 5%, 10%, 15%, and 20% reduction
in highway truck freight and can be seen in Table 22.

87

Table 23. Shipping Cost for Laredo-Dallas-Memphis Freight Corridor
Corridor

j = 0%

Laredo, TX - Dallas, TX
Dallas, TX - Memphis, TN
Memphis, TN - Detroit, MI

Shipping Cost ($Millions)
j = 5% j = 10% j = 15% j = 20%

$372

$340

$308

$276

$243

Once the shipping cost for the single segment of the corridors was calculated for the base
scenario, the objective function was developed to optimize the shipping cost on the corridors
where the split in corridors occurs. Equation 7 shows the objective function used for this
optimization.
2

TC = ∑ Tm x Di,m x Cm , for each i

(7)

m=1

TC = Total Cost to ship freight from Memphis to Detroit
T = Total Freight from Memphis to Detroit
j = Reduction in Proportion of Freight Shipped on Highway (0, 0.05, 0.1, 0.15, 0.2)
m = Mode of Shipping Freight (1 = Truck, 2 = Rail)
i = Corridor (1 = East Corridor, 2 = West Corridor)
D = Distance from Memphis to Detroit
C = Ton-Mile Shipping Cost
For the objective function, the term T is the total freight going from Memphis to Detroit
and is a function of the mode it is being transported by, m. The corridor distance (D) is a
function of the corridor (i) and the mode (m). The unit cost C is determined by which mode (m)
is transporting the freight. The total shipping cost (TC) is a function of the reduction (j) in freight
being shipped on the highway (j).
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This function is subject to the following constraints:
2

∑ Tm ≤ 2,499,818 Tons

(8)

m=1

j ≤ 20%

(9)

Also a non-negative constraint is applied to ensure that tonnage values shipped by each mode
always stay positive for the optimization.
The linear programming optimization was then completed using Excel Solver for the base
scenario (j = 0%) and for moving 5%, 10%, 15%, and 20% to rail from the highway. These
results can be seen in Table 23 and Figure 40.

Table 24. Shipping Costs for East and West Corridor
1 - East Corridor
Laredo, TX - Dallas, TX
Dallas, TX - Memphis, TN
Memphis, TN - Detroit, MI
Total
2 - West Corridor
Laredo, TX - Dallas, TX
Dallas, TX - Memphis, TN
Memphis, TN - Detroit, MI
Total

Shipping Cost ($Millions)
5%
10%
15%

20%

$372

$340

$308

$276

$243

$299
$671

$272
$612

$246
$554

$220
$496

$193
$436

Shipping Cost ($Millions)
5%
10%
15%

20%

$372

$340

$308

$276

$243

$343
$715

$312
$652

$280
$588

$249
$525

$218
$461

0%

0%
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Figure 40. Minimized Freight Shipping Cost ($ Million)
Based on the results from the optimization, the East corridor shows minimum shipping
costs for all values of j. The East corridor is slightly shorter than the West which could account
for the lower shipping costs. Figure 40 shows a plot of the each corridor and the freight cost
reduction by different proportions of freight from highway to rail. There was an 8.7% decrease in
shipping cost from the base scenario to diverting 5% to rail on the East Corridor, and an 8.8%
savings for the West Corridor. The optimization analysis shows and linear reduction in shipping
cost as more trucks are diverted to rail.
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CHAPTER IV
GULF COAST CASE STUDY OF SUSTAINABLE PASSENGER RAIL TRANSIT
4.1

Travel Demand for Passenger Transportation on the Mississippi Gulf Coast
In August of 2005, one of the worst storms to ever hit the United States wreaked havoc

on the Gulf Coast in Hurricane Katrina. Mississippi was one of the states severely impacted by
the destruction of this storm killing 236 people and causing an estimated $125 billion in
damages, completely destroying the existing infrastructure [53]. Figure 41 is an example of some
of the destruction that occurred to the transportation infrastructure by Hurricane Katrina [57].
Hurricane Katrina also demolished the Mississippi Gulf Coast economy causing an 11.7% drop
in employment (approximately 23% drop for the Gulfport-Biloxi area alone) and causing
catastrophic damage to 1,264 of 2,678 businesses along the Mississippi Coast [54]. Nearly a
decade later and the Mississippi Gulf Coast is still trying to rebuild and even improve much of
the infrastructure and tourist attractions throughout the coast.
The USA Today newspaper reports that even with the impact of Katrina in 2005, the
Mississippi Gulf Coast is experiencing population growth. Jackson County’s population
increased 6.3% from 2000 to 2010 and Hancock County experienced a 2.2% increase over this
same period [55]. Harrison County experienced a slight drop, at 1.3%, but was on the rise until
Hurricane Katrina in 2005. It is a good sign to see growth in the Mississippi Gulf Coast counties
even after the occurrence of such a devastating disaster. Many feel that the expanding casino
market of the Mississippi Gulf Coast aided in this recovery [56].
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Figure 41. Extensive Damage to Highway Infrastructure Caused by Katrina [57]
As the population continues to grow along the Mississippi Gulf Coast, and as it continues
to rebuild its infrastructure, new problems are being introduced to the major Gulf Coast cities.
Some of these problems include [58]:


High traffic congestion during peak hour periods.



Increased volume of commercial traffic, which pose safety risks to personal automobile
traffic.



High levels of vehicle emissions.



Lack of public transportation options.

Much of this high traffic congestion becomes an issue during emergency evacuation events, such
as Hurricane Katrina, which is a major issue in short notice scenarios. One solution to some of
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these problems is to implement some alternative form of passenger transportation to not only
help with emergency evacuation, but to also focus on the passenger mobility needs of the
Mississippi Gulf Coast cities, communities, and employers. This study will look into the
opportunity and benefits of utilizing alternative forms of public transportation, but will focus
primarily on the revival of a passenger rail service to the Mississippi Gulf Coast area.
Before Hurricane Katrina, the Amtrak “Sunset” line ran from Miami, FL, to Los Angeles,
CA, and ran through New Orleans, LA, three times a week during night hours. The line was
discontinued after a fatal accident where a barge hit the rail bridge in Alabama in 1993, which
was the worst disaster in Amtrak history. The passenger rail service was later suspended in 2005
after considerable destruction of the rail infrastructure by Hurricane Katrina. This nightly service
carried approximately 53,000 passengers annually or just over 1,000 passengers per week [58].
Figure 42 shows the suspended line as a dashed line between New Orleans and Jacksonville [59].

Figure 42. Amtrak Network with Suspended Sunset Line [59]
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The debate of reviving the entire Amtrak Sunset line is a heated one. Restoring the line
would complete the transcontinental sunset route, but to do so would require a very large amount
of taxpayer dollars [60]. The idea is a great one to rail enthusiasts, union workers, and train
travelers, but not for those who will be paying for it. According to the 2014 Performance Report
from Amtrak, the existing sunset line lost more than $350 per passenger [61]. The Sunset Gulf
Coast line was one of the “least efficient routes” according to the Florida Department of State,
and generated $29.3 million in losses in 2004 before Katrina [62]. According to Randal O’Toole,
“No Amtrak long-distance train covers its operating costs. None even come close” [60]. Figure
43 shows an image of the Amtrak passenger rail service on the Sunset Limited route [63].

Figure 43. Amtrak Passenger Rail on Sunset Limited Route [63]
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Because of the issues with long-distance Amtrak lines, this study will propose a shorter
distance commuter rail service using existing freight rail lines that run along the Gulf Coast.
Figure 44 shows the existing infrastructure along the Mississippi Gulf Coast on a Google Earth
image. The existing highway infrastructure is shown in yellow with arrows showing the
directions the highways extend. The existing freight rail lines are shown with a green dashed
line. These include a CSX line that runs east/west along the Gulf Coast and a KCS line that runs
north/south through Hattiesburg, MS into Jackson. These two lines will be used to propose a
short distance commuter rail service for the Mississippi Gulf Coast which will be compared other
alternative modes of passenger transportation.

Figure 44. Google Earth Image of Transportation Infrastructure on Mississippi Gulf Coast

4.2

Study of Revenue Sources and Commuter Needs for the Mississippi Gulf Coast
Before LCC analysis can be complete for the passenger transportation, analysis was

performed to determine revenue sources and on the commuter needs of the Mississippi Gulf
Coast. This was completed to determine what the major sources of revenue are for the
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Mississippi Gulf Coast counties and cities, and which sources can increase from the opening of
an alternative mode of transportation. It also helps determine the travel demand and commuter
need and benefits of introducing an alternative mode of passenger transportation to the area.

4.2.1 Study of Revenue Sources
Before the LCC analysis was completed, a study of the revenue and the revenue sources
was completed for each of the Mississippi Gulf Coast counties and cities. County and city data
were both used so that the study could be provided for the whole Mississippi Gulf Coast area and
not only the major urban area. The counties that make up the Mississippi Gulf Coast include
Hancock County which is to the west bordering Louisiana, Jackson County to the east bordering
Alabama, and Harrison County which is located in the center of the Mississippi Gulf Coast.
Some of the major cities that were chosen for the revenue study were Gulfport, Biloxi,
Pascagoula, and Bay St. Louis. The purpose of conducting these revenue studies is to determine
how opening a new mode a public transportation can affect revenue for the area.
Figure 45 shows a trend of the total revenue for the Gulf Coast counties in Mississippi
[64]. From 2004 to 2010 Harrison County was the largest in terms of total revenue, possibly due
to it being the location of most of the gaming industry along the coast. But in 2011 it was
surpassed by Jackson County, which has had a sharp increase in total revenue since 2008.
Hancock County has consistently been the lowest in terms of total revenue of the three counties,
but has seen a steady increase, which peaked in 2011, then suddenly dropped in 2012. It seems
that many cities are being developed in Jackson County, such as Pascagoula and Ocean Springs,
and more residents are moving there causing the total revenue to increase for the county. Overall,
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each county seems to be trending upward over the observation period, which begins at about the
time Katrina hit.

Figure 45. Total Revenue for Gulf Coast Counties, 2004-2012
Figure 46 shows similar data as Figure 43 but instead focuses on three of the major cities
along the Mississippi Gulf Coast but with limited data available the observation period is much
shorter. This trend shows total revenue post Katrina from 2007 till 2012 for Gulfport, Biloxi, and
Bay St. Louis. These are the three major gaming cities along the Mississippi Gulf Coast.
Gulfport which is the most highly populated city on the Gulf Coast showed the highest total
revenue for the entire observation period which peaked in 2009 and showed a steady decline
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until 2012 [65]. Biloxi has remained relatively constant over the six year period with a slight dip
in 2008 and 2009, and peaking in 2010 at just under $120 million [66]. Bay St. Louis is the
smallest of the gaming cities and the lowest in total revenue due to its lower population [67]. Its
total revenue peaked in 2009 and just over $50 million and has steadily declined since.

Figure 46. Total Revenue for Major Gulf Coast Cities, 2007-2012
One area in which revenue would be expected to increase from the introduction of a new
mode of passenger transportation would be sales tax revenue. Figure 47 shows gross sales tax
trends for each of the three Gulf Coast counties and four of the major cities which lie along the
Gulf Coast [68]. The county which draws the highest gross sales tax revenue was Hancock
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County which is where two of the largest gaming cities are located in Biloxi and Gulfport.
Hancock County sales tax revenue experienced a 1.71% increase in gross sales tax revenue over
the 10 year period. All of the cities and counties experienced increases in gross sales tax from
2003 to 2013 with the exception of Biloxi, MS. Biloxi experienced a slight 0.31% decrease in
gross sales tax revenue over the observation period. Biloxi experienced a low of around $50
million in 2006, and very slowly began to rebound through 2013 but not enough to provide an
upward trend for the city of the ten year period.

Figure 47. Gross Sales Tax Trend for Mississippi Gulf Coast Cities and Counties
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Figure 48. Gross Sales Tax Revenue for Mississippi Gulf Coast, 2012
Figure 48 provides a categorical breakdown of the sources of sales tax revenue for the
Gulf Coast [68]. This figure includes revenues for the counties as well as for the major cities
along the Mississippi Gulf Coast. The two categories that would most likely see an increase with
new passenger transit bringing more people to the area are “Food and Beverage” and “Apparel
and General Merchandise” which happen to be the two largest sources of sales tax revenue
accounting for 40% of the total sales tax revenue on the Gulf Coast.
The Mississippi Gulf Coast is one of the largest gaming destinations in the entire U.S.
The gaming industry is a huge contributor to the rebounding of the economy on the coast post
Hurricane Katrina. Figure 49 shows a plot of the gaming tax revenue generated in 2012 for each
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of the cities along the coast in which casinos are located [68]. The size of the bubbles in the plot
represents the number of casinos located in that city. Biloxi is home to nine casinos, Gulfport has
one casino, and Bay St. Louis has two casinos. With a large volume of casinos Biloxi is the
largest city in terms of gaming tax revenue at just under $19 million in 2012. Gulfport is second
with one casino, but it is a very large, popular casino that generated just over $3 million in
gaming tax revenue. Bay St. Louis was third with just over $2 million in gaming tax revenue.

Figure 49. Gaming Tax Revenue for the Mississippi Gulf Coast Cities, 2012
With the Mississippi Gulf Coast being one of the largest gaming destinations in the
country, tourists come from all around the U.S. to gamble on the Gulf. Figure 50 shows where
the casino patrons for coastal casinos in Mississippi came from in 2013 [69]. Of just under 15
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million patrons, Mississippi accounted for 32%. Alabama, Louisiana, and Florida, the states that
closely border the Mississippi Gulf Coast, accounted for 50% of the total patrons. This presents
an opportunity for opening a commuter rail line from Mobile to New Orleans to safely bring
more casino patrons and tourists to the Mississippi Gulf Coast.

Figure 50. Total Coastal Casino Patrons by State, 2013
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4.2.2 Study of Commuter Needs
There is a great need for passenger transportation on the Mississippi Gulf Coast for
commuters. Some of the following commuter analysis was completed by graduate student,
Muhammad Ahlan, for the Mississippi Gulf Coast. Table 25 shows the commuter data for five of
the largest cities along the Mississippi Gulf Coast [70]. The list provides two cities from Jackson
County, two cities from Harrison County, and one city from Hancock County. Gulfport and
Biloxi are where most of the commuters are located on the coast, but Pascagoula and Ocean
Springs are cities where the population is currently on the rise. For each of the five cities the
average commute time is around 20 minutes. There are approximately 75,000 residents that
commute to work in just these five cities. Each city reported that between 75% and 85% of the
population went by single automobile to work and between 10% and 20% carpooled. Gulfport,
Biloxi, and Pascagoula had 1.0% or less that opted to use public transportation. These five major
Gulf Coast cities all showed similar trends in commuter behavior for 2012. Based on these
statistics there is significant opportunity for the implementation of some new form of public
transit that would be attractive to Gulf Coast commuters.
Table 25. Commuter Data for Major Mississippi Gulf Coast Cities, 2012
City
Bay St. Louis
Gulfport
Biloxi
Ocean Springs
Pascagoula

Avg.
%
Total
% Single
County Commute
Pooled % Transit % Walk % Other % Home
Commuters Auto
Time (min)
Auto
Hancock
Harrison
Harrison
Jackson
Jackson

21.4
21.0
18.8
22.9
17.3

4,338
29,897
22,870
8,190
9,346

77.1
80.0
76.5
82.0
78.5

17.5
11.7
10.0
12.2
14.6

0.0
1.0
0.7
0.0
0.1

0.5
4.1
9.3
1.8
3.6

2.4
1.0
1.8
2.0
1.7

2.5
2.2
1.7
2.0
1.7

With a large number of commuters there is a high amount of vehicle miles traveled
(VMT) accumulated in the coastal counties. Figure 51, developed by a previous graduate student,
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provides a plot of the VMT by county on the Mississippi Gulf Coast in 2010 [71, 72]. Harrison
County, which is the most populated and most developed of the three coastal counties, showed
the highest VMT at just over 2 billion miles. Jackson County which is experiencing significant
growth, was second at 1.68 billion miles, and Hancock was third at 6.6 million. This high
amount of traffic on the highway infrastructure is taking a toll on its’ condition.

Figure 51. VMT by County on Mississippi Gulf Coast, 2010 [72]
Figure 52 [72] is a plot that shows data similar to that found in Table 25, but is data
specific to the county rather than the cities [70]. The figure shows the means of transportation to
work for those employed ages 16 and over. This ensures that the entire employed population is
eligible to drive. It can be seen that for all three counties approximately 82% of the commuters
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drive alone in their personal automobile to work. About 10% to 14% of the commuters carpool
in a personal automobile, and less than 1% of the commuters opt to take public transportation in
each of the three counties.

Figure 52. Means of Transportation for the Employed Population by County, 2010-2012 [72]
Figure 53 shows a spatial map of the Average Annual Daily Traffic (AADT) on the
major highways and the number of vehicle trips in each county on the Mississippi Gulf Coast
[72, 73, 74]. The 2012 AADT was provided for each of the highways from the Mississippi
Department of Transportation (MDOT) website [73]. The AADT is shown in the figure as the
magenta circle over each county and the vehicle trips are shown as the hatch on the background
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of the county. The major highway infrastructure was also shown in the county to show where the
AADT was counted. Harrison County had both the highest AADT and vehicle trips, followed by
Jackson County. Hancock has the lowest amount of vehicle trips and AADT.

Figure 53. Spatial Map of Average AADT of Major Highways and Vehicle Trips in Each County
in Mississippi Gulf Coast Counties, 2012 [72]

A reasonable assumption for potential passenger traffic to be moved to an alternative
form of passenger transportation on the Mississippi Gulf Coast is 10% of the single automobiles
and pooled automobiles. Based on this assumption, there are potentially 34,185 vehicle trips that
could be removed from the highways onto passenger transportation [72]. It is also assumed that
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passengers would opt for alternative transportation because of the cheaper transportation cost and
less stress on the commuter.

4.3

Value Engineering Study of Sustainable Passenger Transportation Alternatives
Based on the revenue source and commuter studies there is opportunity for the

introduction of an alternative mode of passenger transportation along the Mississippi Gulf Coast.
Modes were considered that will be able to connect the entire Mississippi Gulf Coast and make it
easier for commuters to move between the major cities on the coast. The following passenger
transportation alternatives were analyzed to determine their economic viability and the societal
benefits they would provide:


Commuter Rail running 200 km East/West from New Orleans, LA to Mobile, AL



Commuter Rail running 110 km North/South to Hattiesburg, MS



Bus Rapid Transit (BRT) extending 60 km from Bay St. Louis, MS to Pascagoula,
MS



Monorail extending 30 km from Long Beach, MS to Biloxi, MS

For each of the passenger transportation alternatives mentioned, a present worth lifecycle cost (LCC) was performed for up to a 50-year period. This is completed by bringing all
costs and benefits that would accrue over the 50-year to a present worth (PW) dollar value. This
will be completed by using the following equations [75]:

Uniform Series PW Factor =
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(1 + i)n − 1
i(1 + i)n

(10)

Compound Amount PW Factor =

1
(1 + i)n

Uniform Series Compount Amount PW Factor =

(1 + i)n − 1
i

(11)

(12)

i = discount rate (5% used for analysis)
n = analysis period (50 years)
These equations will be used for bringing costs and benefits to present worth. For each of
the modes analyzed in this study the costs and benefits were broken down as follows:
Costs:


Infrastructure Capital Costs



Annual Operating Costs



Annual Maintenance Costs



Major Overhaul (every 5 years)



Vehicle Replacement

Benefits:


Direct Revenue – Fares, Advertising, Concessions, and Shuttle (if applicable)



Gaming Revenue Increase



Sales Revenue Increase



Savings from Fuel



Economic Development – Jobs created, businesses created, and visitors added

The data for these costs and benefits were determined using multiple sources. Most of the
data were national averages for different mode types received from the National Transit
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Database (NTD). Systems were found in the database similar to that being constructed or
implemented and averages of those costs or benefits were used.
4.3.1 Commuter Rail
For this study, the mode being recommended is the commuter rail lines. The East/West
commuter rail line is expected to extend 200 km from New Orleans, LA, to Mobile, AL,
connecting the major Gulf Coast cities. The proposed line would use an existing CSX rail line. It
will be required to negotiate rights with CSX. A North/South commuter rail is also proposed that
would extend 110 km from Gulfport, MS, to Hattiesburg, MS. The line would run on existing
KCS rail infrastructure that is located parallel to U.S. 49.
Each of these commuter rail lines provides their own set of benefits to the Mississippi
Gulf Coast. The East/West commuter rail line would also be known as the “Casino Train”. It is
called this because of its potential to bring significantly more patrons to the Gulf Coast casinos.
The Mississippi Gulf Coast is the only major gaming destination along the Gulf Coast, and
because the commuter rail would stretch to larger urban areas it could bring in more patrons and
tourists from those larger cities that are looking to gamble. The North/South commuter line was
proposed for two reasons: to allow easy and fast access to the Gulf Coast for Mississippi
residents and to provide a reliable evacuation option in the event of another mega disaster such
as Hurricane Katrina.
Figure 54 shows a spatial map of the existing infrastructure along the Gulf Coast
including interstates, highways, minor roads, and railways. The proposed commuter rail can be
seen highlighted with the bright green dashed line and notes are on the figure showing where the
line will run to and the distance each rail line will travel beyond the Mississippi border. Cities
can be seen with the red dot and casinos are shown with a green diamond.
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Figure 54. Spatial Map of Proposed Commuter Rail Lines

The following data and assumptions were used in calculating the initial capital costs for
years 1, 5, 10, 20, and 50 for the proposed commuter rail routes [76, 77, 78].


Assumed $1 million per km for CSX/KCS line upgrades and usage rights.



$2 million per locomotive



$1.5 million per passenger car



$1 million per train station built



$1 million for maintenance yard



15% of Infrastructure Capital Cost for Design and Administration

Annual operating costs, annual maintenance costs, and major overhaul every five years were also
considered in the cost calculations. These amounts were determined based on NTD averages for
similar systems.
The benefits were calculated using assumptions and data gathered from the revenue
source and commuter studies. Ahlan was able to determine that 34,185 commuters could
possibly change from personal automobile to alternative passenger transportation. The East/West
line was assumed to have a slightly larger ridership due to the urban areas that it reaches. It was
assumed that the East/West rail would have a ridership of 20,000 riders per day. The
North/South line does not extend to as many urban areas that the East/West line extends to;
therefore, it was assumed that it would carry half of the ridership of the East/West line at 10,000
riders per day. It must also be noted that the commuters taking the rail would ride the rail twice a
day to get to their destination and to return from their destination.
The ridership for each of the rail routes was used to calculate direct revenue. The average
ticket price for commuter according to the NTD is approximately $5.00 per trip [72]. Concession
stand revenue at five stations and park and ride shuttle services were also accounted for in direct
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revenue. For gaming revenue it was assumed that each route would provide a 10% increase in
casino patrons and gaming revenue for the Gulf Coast area. The North/South rail line is assumed
to provide a 2.5% increase in sales tax revenue and the East/West rail line was assumed to
provide a 5% increase in sales tax revenue. The East/West commuter rail line is expected to
create 350 jobs in the area directly related to the operations and maintenance of the rail line and
it’s expected to bring 50 new businesses to the Mississippi Gulf Coast. The North/South line
would create 75 new rail related jobs and bring 25 new businesses to the area. Table 26 provides
the full LCC analysis breakdown and the breakeven years for both alternatives.
Table 26. Commuter Rail Life-Cycle Cost Analysis Breakdown
Rail Alternative
CL Length; Track
Rail Infrastructure
Initial Infrastructure Cost
Riders per Day
Present Worth Cost-Benefit Analysis
1-Year Present Worth Analysis, $ Million
5-Year Present Worth Analysis, $ Million
10-Year Present Worth Analysis, $ Million
20-Year Present Worth Analysis, $ Million
50-Year Present Worth Analysis, $ Million

Commuter Rail E-W
200 km; CSX rail track
6 train stocks; 10 stations
$335.2 Million
20,000
Cost
Benefit
344
344
375
1,489
407
2,656
450
4,287
504
6,279

Commuter Rail N-S
110 km; ; KCS rail track
4 train stocks; 3 stations
$226.9 Million
10,000
Cost
Benefit
230
247.1
247
1,030
263
2,110
286
2,907
313
5,049

Year 1

Year 1

1.0
Within 6 years

1.1
Within 7 years

Breakeven Year
(considering all revenue sources, fuel saving, and economic
benefits)

Benefit/Cost Ratio
Breakeven Year (considering only direct revenues)

When considering all benefits including direct revenue, gaming revenue increases, sales
tax revenue increases, fuel savings, and economic development, both rail lines were found to
breakeven in year one. The initial infrastructure cost for the East/West commuter rail line is
$335.2 million and $226.9 million for the North/South line. For a more conservative analysis,
when only considering direct revenue, which is revenue from only fairs, advertising,
concessions, etc., the East/West line would breakeven at 6 years and the North/South line would
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breakeven at 7 years. This is still an excellent return. The fact that the existing infrastructure for
the rail lines is already in place makes this a logical option for relieving some of the traffic
congestion on the major highway corridors along the Mississippi Gulf Coast.

4.3.2 Monorail
Another alternative proposed is one primarily suited for increasing tourism and gaming in
the area. That alternative is monorail. Monorail operates on an exclusive right-of-way and
operates as a “rapid transit” system [79]. It does not hinder traffic flow because it is usually
operated on an aerial track. Monorails have been shown to be one of the safest forms of
transportation. Because it operates on aerial tracks, the possibility for collision with automobiles,
trucks, and pedestrians is eliminated. Also because monorail no longer operate on a single beam,
they operate on a concrete fixed guideway, derailment is highly unlikely to occur. One issue
with monorail is the aerial trackways, which pose some issues and danger in the event of a
needed evacuation [79]. Figure 55 shows an image of the Las Vegas Monorail system [80].

Figure 55. Las Vegas Monorail System [80]
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Figure 56 shows a spatial map of the proposed monorail line. The line can be seen as the
magenta dashed line running from Long Beach, MS, to Biloxi, MS. There is no existing
infrastructure for this line, so the line will need to be designed and constructed. The primary
purpose of the monorail will be slightly different than that of the commuter rail. The commuter
rail line is focused more on bring in commuters and tourists from outside the Mississippi Gulf
Coast. The monorail will be focused more on tourists and casino patrons that are staying in the
gaming area of the coast. It is a short route, only 30 km, that is focused on providing
tranportation among the different casinos.
The following data and assumptions were used in calculating the initial capital costs for
years 1, 5, 10, 20, and 50 for the proposed monorail route [78, 81].


Assumed $24 million per km for infrastructure capital costs based on national
averages



$140 million for fleet of monorail vehicles



$6 million per station



$15 million for maintenance yard



15% of total infrastructure capital cost for design and administration

Annual operating costs, annual maintenance costs, and major overhaul every five years were also
considered in the cost calculations. These amounts were determined based on NTD averages for
similar systems.
Based on the commuter study and ridership averages around the U.S., it was assumed that
14,000 of the 34,185 commuters would ride the monorail daily. The fare for the monorail was
assumed to be $5.00 per trip. Direct revenue for the monorail would also include concession
stand revenue at each of the five stations, advertising, and shuttle fair from parking lots to the
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Figure 56. Spatial Map of Proposed Monorail Corridor

monorail systems. Because the monorail is much more focused on the gaming community, a
10% increase in gaming revenue for the Gulf Coast was assumed. Sales tax revenue was
expected to grow 5% by implementing the monorail system. Fuel savings from removing 14,000
riders was also considered. The monorail system is assumed to create 400 jobs from the
operation and maintenance of the system itself and 50 jobs from businesses brought to the area.
The monorail LCC analysis breakdown can be seen in Table 27.
Table 27. Monorail Life-Cycle Cost Analysis Breakdown

Rail Alternative
CL Length; Track
Rail Infrastructure
Initial Infrastructure Cost
Riders per Day
Present Worth Cost-Benefit Analysis
1-Year Present Worth Analysis, $ Million
5-Year Present Worth Analysis, $ Million
10-Year Present Worth Analysis, $ Million
20-Year Present Worth Analysis, $ Million
50-Year Present Worth Analysis, $ Million
Breakeven Year

Monorail E-W
30 km; Elevated dual track
4 train stocks; 5 stations
$1,524 Million
14,000
Cost
Benefit
1,616
302
1,976
1,306
2,329
2,330
2,824
3,760
3,428
5,508
10 Years

(considering all revenue sources, fuel saving, and economic benefits)

Benefit/Cost Ratio
Breakeven Year (considering only direct revenues)

1.0
Over 50 years

When considering all direct revenues, gaming revenue increase, sales tax revenue
increase, fuel savings, and economic development the monorail is expected to breakeven at ten
years, showing a benefit/cost ratio of 1.0 at year ten. The initial infrastructure was found to be
$1.5 billion, which is extremely high compared to the commuter rail alternatives. When
performing the LCC using only direct revenues for benefits the monorail system will not
breakeven in the 50-year observation period. This shows that monorail is not an economically
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feasible option for the Mississippi Gulf Coast at this time. Similarly, the Light Rail Transit
(LRT) has very high capital costs because it requires its own infrastructure. This option was not
included in the study.

4.3.3 Bus Rapid Transit (BRT)
BRT is a high capacity, lower cost public transit alternative that can help to improve
urban mobility. BRT is a permanent, integrated system that uses buses or specialized vehicles on
roadways or dedicated lanes to quickly and efficiently transport passengers to their destinations,
while still offering flexibility to meet travel demand [82]. Figure 57 shows an example of BRT
[83].

Figure 57. Example of Bus Rapid Transit [83]
There are many pros and cons of BRT systems. Some of the pros of implementing BRT
include flexibility in routes, lower capital and operating costs, and having the ability to serve a
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larger geographical area. There are many cons to this mode of transportation as well. Some of
these include poor quality of service in congested areas, flexibility in routes lead to perception of
unreliability and disorganization, lower ridership, and possible traffic disruption. Many feel that
BRT is a temporary solution until some sort of rail transit can be implemented [84]. BRT was
included in this study to provide a highway transit alternative to compare with the other
alternative modes. The proposed route for BRT in this study will run from Bay St. Louis, MS, to
Pascagoula, MS, reaching all of the major cities along the Mississippi Gulf Coast. This route will
stretch 60 km and extend along U.S. 90 highway.
The following data and assumptions were used in calculating the initial capital costs for
years 1, 5, 10, 20, and 50 for the proposed BRT route [78].


Assumed $150,000 per km to dedicate a lane to BRT route



$60,000 per bus



$50,000 per bus station



$200,000 for maintenance yard



15% of infrastructure capital cost for design and administration

Annual operating costs, annual maintenance costs, and major overhaul every five years were also
considered in the cost calculations. These amounts were determined based on NTD averages for
similar systems.
Because the BRT alternative does not have the appeal to riders as the other modes, a
lower ridership was assumed for calculating the benefits. For the calculations, 15% of the
available commuters to be moved were assumed to take BRT, which are 5,100 riders per day.
The fare for using BRT is the cheapest of the alternatives at $2.00 per trip, which is based on the
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NTD average. Advertising and bus station concessions were also accounted for in the benefit.
BRT was assumed to increase gaming revenue along the Mississippi Gulf Coast by 0.05% and
sales tax revenue by 0.05%. It was also assumed that the BRT system would develop 110 jobs
and create 5 jobs from the development of new businesses. Table 28 shows the complete LCC
analysis breakdown for the BRT system.
Table 28. BRT Life-Cycle Cost Analysis Breakdown
Mode Alternative
BRT E-W
CL Length; Highway
30 km; Dedicated highway lane
Bus Infrastructure
50 bus stocks; 30 stations
Initial Infrastructure Cost
$15.3 Million
Riders per Day
5,100
Present Worth Cost-Benefit Analysis
Cost
Benefit
1-Year Present Worth Analysis, $ Million
$21.6
$20.0
5-Year Present Worth Analysis, $ Million
$45.2
$95.9
10-Year Present Worth Analysis, $ Million
$63.6
$154.3
20-Year Present Worth Analysis, $ Million
$99.8
$219.6
50-Year Present Worth Analysis, $ Million
$139.1
$364.7
Breakeven Year
Year 2
(considering all revenue sources, fuel saving, and economic benefits)
Benefit/Cost Ratio
1.4
Breakeven Year (considering only direct revenues)
Year 50

Based on the benefits which include direct revenue, gaming revenue increase, sales tax
revenue increase, fuel savings, and economic development and the costs that accrue over the life
of the system, BRT is expected to breakeven in the second year of operation. BRT was found to
have a significant lower initial infrastructure capital cost compared to the other proposed modes.
Although it shows that it will breakeven at year two, when considering only direct benefits
generated by BRT, it will not breakeven in the 50-year life cycle.
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4.3.4 Results and Discussion
The results from the LCC analysis for each of the proposed passenger transportation
alternatives can be seen in Figures 58 and 59. Figure 58 shows the total present worth
benefit/cost analysis for each of the modes and at what year they will reach their breakeven year.
Both commuter rail alternatives breakeven at year one, BRT is just below breaking even at year
two. Monorail has the slowest return, breaking even at year ten.

Figure 58. Total Present Worth Benefit/Cost Analysis (50 Year)
Figure 59 shows similar data as Figure 58 showing the present worth benefit cost analysis
results but using only the direct revenue rather than the total benefits. The East/West commuter
shows the quickest return on investment reaching a B:C ratio of 1.0 at year six. It is closely
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followed by the North/South commuter rail which breaks even at year eight. The commuter rail
alternatives are clearly the top choice and distance themselves from the other alternatives when
analyzing with only the direct benefits. The BRT is expected to finally breakeven at year fifty,
while the monorail does not break even in the entire 50-year analysis period.

Figure 59. Direct Present Worth Benefit Cost Ratio (50 Years)
The direct benefits can be seen for each of the alternatives a little more clearly in Figure
60. The direct benefits have been normalized for 20,000 passengers. For some of the alternatives
there are expected to be a higher number of riders which skew the benefits and make some
modes look more beneficial than others, but by normalizing the benefits they can be analyzed on
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an even level. The direct benefits for the commuter rail alternatives and the monorail are all
approximately on the same level at just under $600 million. The BRT benefits are significantly
lower in comparison with the other modes, at approximately $350 million.

Figure 60. Normalized Direct Benefits for Gulf Coast Commuter Alternatives, 10-Year Present
Worth Analysis
Figure 61 presents the cost data on a level playing field and shows the cost per kilometer
for each passenger transportation alternative. Monorail has the highest per kilometer cost at
$13.55 million. The East/West commuter rail is second at $2.39 million, followed by the
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North/South commuter rail at $2.17 million. The lowest per kilometer cost is the BRT at
$670,000 per kilometer.

Figure 61. 10-Year Present Worth Life-Cycle Cost per km
Based on the LCC analysis that has been completed, although the BRT provides the
lowest initial capital cost, the low benefits push back the breakeven year to year fifty. Also, since
BRT will operate on the highways which are already facing congestion issues, it only worsens
the current congestion issue being faced on the Mississippi Gulf Coast. Monorail’s extremely
high initial infrastructure capital costs eliminate it as being an economically viable option. The
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same is said for the LRT option. The analysis shows that the commuter rail alternatives both
provide high rates of return if properly utilized by commuters and could make an immediate
impact on reducing highway congestion along the coast.
4.4

Additional Societal Benefits of Using the Commuter Rail Alternative
There are many additional benefits beyond the monetary benefits used in the LCC

analysis that can be gained by opting to use the proposed commuter rail lines. As discussed
previously in the chapter, each of the commuter rail lines provides their own benefits for the
Mississippi Gulf Coast. The Mississippi Gulf Coast will always be vulnerable to natural disasters
such as hurricanes, and those who live along the coast must always be prepared. The
North/South commuter rail line will always provide a quick evacuation alternative in the event of
the need to evacuate the coast. The commuter rail line can run quickly, without any stops and
hold many residents and would be a reliable means of removing residents from a dangerous area.
By utilizing this mode for evacuation, this will free up the highway infrastructures for emergency
responders and emergency vehicles.
The East/West “Casino Train” commuter rail line will provide many more benefits then
just increasing revenues for the gaming community. It will help act as a means to bring more
tourism to the Mississippi Gulf Coast. Also, for those that choose to come to the large gaming
community from surrounding cities to enjoy themselves, it will provide those who have too
much to drink a way home. This commuter line will provide safe, reliable transportation and help
eliminate drunk drivers who are leaving casinos and bars. This will help reduce accidents on the
highways and also help with the reduction of congestion in the area.

124

4.5

Asset Management for Passenger Rail Infrastructure
Asset management is defined as maintaining a desired level of service while providing

the lowest life-cycle cost [85]. This framework includes choosing the best appropriate cost in
regards to rehabilitating, repairing, or replacing an asset. This framework is being widely
adopted to aid in achieving sustainable infrastructure, primarily in transportation. The EPA
states, “A high-performing asset management program incorporates detailed asset inventories,
operation and maintenance tasks, and long-range financial planning to build system capacity, and
it puts systems on the road to sustainability [85].” Some of the benefits of asset management are
as follows [85]:


Prolonging asset life and aiding in rehabilitation, repair, and replacement decisions
through focused operations and maintenance.



Meeting consumer demands with a focus on system sustainability.



Budgeting focused on activities critical to sustained performance.



Meeting service expectations and regulatory requirements.



Improving responses to emergencies.



Improving security and safety of assets.



Reducing overall costs for both operations and capital expenditures.

Utilizing these strategies to the proposed commuter rail can help ensure a minimized life-cycle
cost and possibly reducing the breakeven year.
There are many software options available to help aid in the implementation of asset
management systems and the development of sustainable transportation systems. One of those
programs is the Transit Asset Prioritization Tool (TAPT). TAPT is used to model rehabilitation
and replacement needs for transit capital assets. The tool supports a wide range of different asset
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types, from BRT to light rail to monorail. This tool uses the data on an existing asset inventory,
and predicts future conditions and performance, and helps prioritize asset rehabilitation and
replacement. The tool includes models for vehicles and non-vehicle assets which can be modeled
based on asset age or condition [86]. This could be a useful tool for the proposed Mississippi
Gulf Coast commuter rail system to help minimize the life-cycle cost and help provide more
sustainable passenger transportation. Additionally, a pilot research study will be useful for
harvesting of lost energy of vibrations from train-rail operation [87]. Some considerations for
providing a safe, user-friendly, and environmentally sustainable commuter rail transit service
and:


Intelligent Transportation Systems for safe travel



Free Wi-Fi for travelers



Piezo electric sensor system for harvesting of lost energy from the vibrations produced
by train-rail corridor operations.
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CHAPTER V
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1

Summary of Research Accomplished
As the population in the U.S. climbs, congestion on the nation’s highways will continue

to become a major problem. The increasing population is placing more personal automobiles on
the NHS and the increased demand for goods is increasing freight traffic. Congestion is affecting
the quality of life for those that are subject to it. Due to congestion becoming a growing issue,
focus is being placed on utilizing alternative modes of transportation to help reduce traffic on
highways.
Growing supply and demand has resulted in a significant increase in freight traffic on the
NHS. This growth is encouraging more focus on the study of using alternative modes, such as
rail and waterway, to ship freight throughout the U.S. Three case studies were completed in
which focus was placed on intermodal integration on select freight corridors. Commodity flow
analysis was completed to find opportunity for moving of bulk, non-perishable freight from
highway to rail or waterway. Spatial maps were developed for these case studies, and geospatial
analysis was completed to determine rail and waterway freight corridors that highway freight
could be diverted to. The analysis showed significant savings and benefits from diverting freight
from the highway onto alternative modes in the three case studies. Optimization analysis was
also performed to analyze freight distribution and determine minimized shipping costs for select
NAFTA corridors.
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Also, as a result to the population increase, a rise in personal automobiles plays a huge
role in traffic congestion on highways, primarily in urban areas around the U.S. Utilizing
alternative modes of passenger transportation could help solve this problem. A study was
completed that focused on implementing a new alternative mode of passenger transportation on
the Mississippi Gulf Coast. Present worth life-cycle benefit and cost analysis was performed for
commuter rail, monorail, and bus rapid transit to determine which would be the most
economically viable solution that provides the earliest breakeven year and most societal benefits
for the Mississippi Gulf Coast.

5.2

Conclusions
Key findings for the freight transportation portion of the thesis are as follows:


The issue of increased congestion in the United States transportation system poses a
substantial threat to the U.S. economy and to the quality of life of millions of
Americans. Congestion expected to increase significantly in over the next 30 years.
The increase in population will lead to increased congestion on the NHS, as
construction of new highway capacity will be unable to keep pace.



According to the Bureau of Transportation Statistics, truck freight is expected to
increase 42.5% from 2012 to 2040. From 2007 to 2040, truck imports and exports for
Canada and Mexico are expected to triple. These freight increases will lead to
extreme congestion due to the number of freight trucks projected to be on the NHS.



Commodity flow analysis was performed for the Port of Gulfport in Gulfport, MS. It
was determined that 25,588 tons of domestic, outgoing “Iron & Steel Scrap” freight,
provided some opportunity to move freight from highways to barges on the
Mississippi River.
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Geospatial analysis was used to determine the impact of diverting 10%, 20%, and
30% truck freight to barges. A base corridor and an integrated highway-waterway
intermodal corridor were considered, both extending from Gulfport, MS, to St. Louis,
MO. By diverting 30% of the freight found in the commodity analysis, travel time
could be reduced by 19%, a savings in ton-mile costs of $1.1 million, and an 11.7%
reduction in CO2 emissions.



The second case study focused on freight flow to and from Colorado. The commodity
flow analysis for this case study showed the most bulk, non-perishable freight being
shipped to California from Colorado. There were 612,000 tons shipped between the
two states in 2011.



Geospatial analysis was used to determine highway and rail corridors to ship freight
from the Denver, CO, intermodal facility to northern California. Two highway
corridors were chosen that are likely routes currently taken by trucks to California
from Colorado and one proposed rail route to be added to the current BNSF
intermodal network. Analysis was performed assuming 30% of the freight was
diverted from highway to rail. The rail corridor was significantly lower than the
highway routes in travel time, ton-mile cost, and CO2 emissions.



The third case study focused on selected NAFTA freight corridors that ran from
Mexican border ports to Canadian border ports. Commodity flow analysis showed the
most freight entering the U.S. by truck through Laredo, TX, at 15,693,635 tons. Otay
Mesa, CA, was the second largest border port with 4,201,887 tons passing through it.
Geospatial analysis was used to determine NAFTA interstate and rail corridors and to

129

perform the benefit and cost analysis by diverting 20%, 40%, and 60% truck freight
to rail.


By diverting 20% of freight from highway to rail the NAFTA corridors on average
saw a 98.8% reduction in total travel time, a 58.6% reduction in CO2 emissions, and
an 87.3% savings in ton-mile cost. More diversion of trucks to rail will increase these
benefits.



Optimization analysis was performed on two NAFTA corridors which extended from
Laredo, TX, to Detroit, MI. This analysis showed that when diverting 5% of the
highway freight to rail the East corridor showed the minimum shipping cost at $612
million.



Other societal benefits can be observed by diverting truck freight to alternative modes
such as reduction in fatigued driver related crashes and fuel cost savings from
diverting highway trucks to rail and waterway modes.

Key findings for the passenger transportation portion of the thesis are as follows:


In an effort to continue the growth of rebuilding post-Katrina economy, four
passenger transportation alternatives were proposed on the Mississippi Gulf Coast to
provide a more sustainable means of transportation for commuters and visiting
tourists. Those transit modes were two commuter rail routes, monorail, and BRT.



Value engineering analysis of present worth life-cycle benefit and cost analysis was
performed for each transit mode to determine the most economically viable option.
For the 50-year life cycle, the two commuter rail systems showed to be the best
options with breakeven years at 6 and 8 years. Although BRT had the lowest initial
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capital costs, its’ life-cycle costs were higher and its breakeven year was year 50. It
occupies space on existing highways that will probably cause more congestion and
safety risks. The initial capital costs for monorail showed it to be too expensive to be
an economically feasible option and its breakeven year was beyond year 50.


The implementation of a well-developed transit asset management system can help
minimize the life-cycle cost of a passenger rail service, resulting in a faster return on
investment. There are several asset management software options to aid in
implementation.

5.3

Recommendations


It is recommended that more studies be completed for moving freight from highway
to other waterways around the U.S., such as the Ohio River.



The Colorado study showed opportunity for intermodal corridors among other states.
It is recommended that studies be done on states, such as freight flow from Colorado
to Wisconsin, and diverting freight from highway to rail between those two states.



It is recommended that discussions be held among NAFTA partners to develop
policies to increase freight share on rail and waterways on NAFTA freight corridors.
For example, some freight by surface modes be diverted to vessels from Mexican
ports to Gulf states of Louisiana, Mississippi, Alabama, and Florida. This will provide
more business for these ports.



Freight distribution for each of the NAFTA corridors should be further studied and
optimization be performed on additional corridors to determine minimum shipping
costs.
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This thesis clearly demonstrated economic and societal benefits of integrating
highway with rail and waterway freight modes. In order to implement these findings,
transportation agencies on state and federal levels should take initiative to have
discussions with private trucking and rail industry stakeholders. By increasing freight
share of rail and waterway, more business opportunities will occur for short haul
trucks.



It is recommended that surveillance and security, intelligent transportation systems,
and free Wi-Fi for riders be utilized on proposed commuter rail routes to increase
passenger comfort.



Additionally, a pilot research study should be pursued for harvesting of lost energy
from vibrations of train-rail corridor operations. This renewable energy source can be
used to power standalone signals, signs, and transit stations.



Wherever freight rail lines are available, they can be shared for commuter rail transit
in urban and rural regions. This should be pursued by transportation agencies and
other stakeholders because they are more economical than the current highway mode
and very costly high speed rail alternatives.
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Planimetrics of the U.S. National Highway System
There was no existing database displaying all the U.S. Highways on the server so one
needed to be created to allow the viewing of this feature on the map. The highways needed to be
detailed for this map since we the focus was on a specific region of the country. To get this
detailed highway feature added instead of inserting a NHS image of the entire country to trace,
images of each state were chosen one by one to allow easier viewing of smaller roads and all
roads in heavy populated metropolitan areas. Figure A1 displays how we inserted these images.

Figure A1. Displays how image registration was used to place an inserted interactive image
(JPEG) properly under the state border
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There is already an interstate feature in the this database so this feature was left on during
the tracing of the NHS Highways so any missing interstates that may have been built after the
making of the map could be added and also so the traced NHS highways could be connected to
the interstates using the snap feature to avoid any gapping. Figures A2 & A3 show the progress
being made as each state has separate image inserted and registered to coordinates on the state
border and the highways being traced. Figure A3 shows a complete map of the entire National
Highway System in the buffer.

Figure A2. This map displays the start of the NHS highway tracing with Mississippi and
Louisiana complete
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Figure A3. Displays progress of NHS Highway system being traced up the buffer region

Figure A4. Complete map of National Highway System in buffer and also Mississippi and Ohio
Rivers
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Development of AAR Freight Network on GeoMedia Pro
One of Dr. Uddin’s largest projects involves the development of an integrated intermodal
global supply chain. This project has required the development of spatial maps with databases
that show features such as highway, rivers, rail, and other transportation freight routes. The
CAIT lab currently has databases for many of these modes but one which was lacking was a
database showing all freight rails throughout the United States. One objective was to develop a
database that shows all of these freight rails defined by company.
In order to complete this task, a technique known as planimetrics was used in GeoMedia
Pro to develop this system for freight rail. The first step in completing this task was to copy the
U.S. Sample database that is in the warehouse file and paste it into the project folder and rename
it according to the CAIT format. Once this was complete, a new geoworkspace was created and
this database was connected to, Figure B1 below shows the geoworkspace with the states feature
open from the U.S. Sample database.
Once the “States” feature was open in the geoworkspace, images were inserted, by state,
from the Association of American Railroads website and registering the images by using the
“Image Registration” function. Figure B2 shows a registered image for Alabama. This was done
by selecting points on the state and on the image that correspond with one another and
registering the image.
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Figure B1. “States” Feature Opened in GeoWorkspace

Figure B2. Alabama Image Registered in GeoWorkspace
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Once this step was complete, a “Freight Rail” feature was created and inserted onto the
map by tracing the feature over the rail in the image. This will allow the development of a
database for the freight rail. Once the rail is placed a dialogue box displays and the appropriate
attribute name for the feature can be typed in, the company that owned the portion of rail is the
attribute that was typed in for this map. This can be seen in Figure B3. Once the rail is placed for
the state the image can be displayed off leaving the only the rail feature remaining on the map.
This step will be repeated for every state in the U.S. to develop a database of freight rail for the
entire country. As each rail section was placed an attribute was named defining that feature by
the company that owns it.

Figure B3. Shows How Each Rail Feature was Labeled by Company

Figure B4 shows the completed map with all the freight rail features added for each state.
Each rail was defined visually by company be creating a “Unique Range Thematic” and selecting
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the “Company Name” attribute and using different colors for each company. The rails colors
were chosen to closely resemble the colors used in the AAR Freight Rail map.

Figure B4. Shows the Complete U.S. Freight Rail Map with Unique Range Thematic

After completing the map, a few Excel plots were developed to help back up the data that
is shown on the freight rail map. These plots can be seen below. Figure 5 shows a pie chart that
displays the percent of rail out of the whole freight rail network that is owned by each company,
for instance BNSF owns 17% of the total freight rail network in the continental U.S. Figure 6 is a
bar graph displaying the total length of freight rail in each state in the continental U.S. The
spatial map that was created could be used to find this data. By creating buffers of each state, the
length of freight rail in that state by using the “Analyze Geometry” tool on GeoMedia Pro and
analyzing the freight rail feature. With this tool, the length can be found in any unit include
miles, kilometers, etc.
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